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“HAND” PROCESSING 
The tissve, lying at rest merely steeping in a 
reagent, is surrounded by a “skin” of rela- 
tively inactive solution. Permeation is slow, 
uncertain. 


“AUTOTECHNICON” PROCESSING 
The tissue moves about in the flvid, as it 
revolves in the carrier basket. Fresh surfaces 
ere constantly being presented for penetra- 
tion by o reagent which is, itself, in @ state 
ef gentle agitction through the constant ro- 
totion of the basket. 


“active displacement” that does it 


Not only does the Autotechnicon relieve the laboratory | 
staff of the tedious task of processing tissues ‘by hand,” 

but it also completes the chosen technique faster, more 
thoroughly, more uniformly, more dependably. The Auto- 
technicon is versatile . . . it fixes, dehydrates, washes, 
stains .. . delivers beautifully finished tissues ready for 
diagnosis. 


And because it needs no human intervention, it knows no 
working day. To-day's tissues, processed overnight 
the Autotechnicon is by your own technique, will be waiting for you in the 
available on request. morning. 


icon 
Trode Mork Registered U.S. Potent Off. 


automatic tissue processing 
by any histologic technique 


THE TECHNICON COMPANY 
215 EAST 149th STREET e NEW YORK 51,N.Y. 
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the one that got away... 


Fisherman or not, you’ve heard many a long sad tale about “the one 
that got away.” 


Chief eluder of all time—and therefore chief bane to anglers and 
bored listeners alike—would definitely appear to be Latimeria, a 
crossopterygian. Only a single specimen has ever been caught (and 


judging from its appearance, that specimen might well have been 
caught in a wringer). 


For all his lumpy appearance and predatory ways, Latimeria must 
be accounted a wary and highly untemptable fish. Further, special 
geriatric kudos is due him—he has outlived by some 120,000,000 years 
the life span that scientists assigned him. 


A spotty record, yes, but one marked by flashes of real brilliance. Taking 
the overall picture, will anyone deny Latimeria his niche in “Who’s 
Who Among the Vertebrates” ? 


“Who's Who Among the Vertebrates” is Chapter III in Dr. Alfred 
Romer’s popular textbook, THe Vertesratz Bopy. Based on a great 
teacher’s knowledge of how to make biology understandable, and 
written in a charmingly interesting style, this book is a thing of 
real satisfaction to students and teachers equally. Why not consider 
it for your classes? 


The Vertebrate Body. By Atrreo S. Romer, Alexander Agassiz Professor of Zoology and 


Director of the Museum of Comparative Zoology, Harvard University, 643 pages with 363 
illustrations. $6.00. 


W. B. SAUNDERS COMPANY 
West Washington Square Philadelphia 5 
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Just as we 

were thinking of 
running this 
advertisement again 
(the one at the left, 
which first appeared 
in August, 1951), 
the dark blow fell. 


As you 
no doubt read in 


_the newspapers, 


another coelacanth— 
a gluttonous 
individual, 

unwary, 

highly temptable, 
with no pride 
whatsoever 

in the family 
traditions— 

took the hook. 


This is 

the first affront 
to Dr. Romer’s 
grect text 
which has come 


to our attention. 
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for Enduring Service 
| Engineered for DALAM 


TRIPLE-BEAM STAINLES 


3 
BEAM SCALES 
visible at eye level 


COBALITE 
KNIFE EDGES 


Patent No. 1,872,465 
Covered 
AGATE BEARINGS 


HAMMERLOID 
Finish Base 
and Pillar 


No. 4030 


CAPACITY SENSITIVITY 
111 g. (With extra weight 201 g.) 


CORROSION-RESISTANT! 0.01 g. or less 
All exposed metal parts are stainless steel. A tough, ONE-PIECE BEAM CONSTRUCTION! 


tenacious, an 4 pede metallic lacquer is used on the No screws, rivets, or separate scales to become loose. 
base and bea Hard-to-clean crevices and cracks are eliminated. 
FUNCTIONALLY DESIGNED! ETT 

Scales are stepped upward front to rear for best eye- RAPID ZERO S ING! 


level visibility and to make weights convenient to 
manipulate. The larger weights have sharp hanger edges 
and their beams are deep-notched to insure that settings 


The usually tedious adjustment to zero is accomplished 
almost instantly by means of a leveling screw. No more 
careless acceptance of a poor zero setting because of 


will be positive and accurate. 


No. 4030 Triple-Beam Balance—Stainless Steel 
EACH $22.25 Extra Weight $1.30 Additional 


the nuisance of correcting it! 


W. M. WELCH SCIENTIFIC COMPANY. 


SEDGWICK STREET, DEPT. E 


CHICAGO 10, ILLINOIS, 0.5. 
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Jet Mill Grinding 


- mill grinding is a mechanical method of com- 
minution used for reduction of particles into 
superfine subsieve sizes of particle range. By this is 
meant maximum sizes of 20-10-5, or less, microns 
diameter of the particles. The possibility of produc- 
ing, on a commercial scale, very small particle sizes 
depends, of course, on the friability of the materials. 
In general, rubbery, some fibrous, or very resilient 
materials cannot be handled. Agglomerates of certain 
materials, such as metal powders, can only be dis- 
persed. 

One of the first jet mills for commercial use, the 
Micronizer, was introduced in the early thirties and 
has since found widespread use in the grinding of 
minerals, pigments, and foodstuffs, and even such an- 
tibioties as penicillin and streptomycin. Later types 
included the Reductionizer and Fluid Energy Redue- 
tion Mili, and a new type, the Jet T-Mill. All these 
mills grind and classify within a continuous chamber. 

The older mills use the same principle, passing the 
material past a series of jets, which introduce fluid 
streams of high energy into the pulverizing chamber. 
The applied fluid is transformed into velocity head 
when it expands to atmospheric pressure within the 
grinding chamber. Application of the fluid jets causes 
high-speed rotation of the contents of the chamber, 
which consist of a relatively small circulatory load of 
material being acted upon and entrained in the gas- 
eous fluid. No heat is generated in the mill during the 
grinding process. 

The velocity of the gas emitted from the jets may 
be as high as 2000-3000 feet per second at the nozzle 
tip, and the load velocities within the mill chamber 
may vary from 150 to over 400 feet per second. The 
fluid energy is usually compressed air or superheated 
steam. Air consumption varies between 15 and 20 
efm to 1500-2000 efm at pressures of 50-150 psi 
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gauge. Superheated steam may vary between 100 and 
5000 lbs /hr, usually at pressures of 75-225 psi gauge. 
Superheat of air or steam will dry the materials proe- 
essed. 

Except for the new Jet T-Mill, which is a simpli- 
fied but efficient mill using only two opposed nozzles, 
which meet head on in a small tubular grinding 
chamber, the mills employ from four nozzles, in small 
types, to sixteen in the larger mills. 

Methods of controlling particle size are basically 
dependent upon (1) rotational speed, (2) gas flow, 
(3) flow of feed material: within fairly close limits, 
and (4) shape and proportions of grinding and 
classification chambers. Control of the first and see- 
ond factors is usually accomplished by adjusting the 
rate of feed or gas pressure and the temperature. 
Flow of feed material depends or the type of feeder 
mechanism used. The fourth factor is usually varied 
experimentally, to adapt mill construction to the proe- 
essing of a particular product. 

In general, the energy cost of grinding to very low 
micron sizes will range from $1.00 for precipitates or 
claylike materials, up to $10.00 per ton, and higher, 
for the less grindable materials. Other materials, such 
as limestone, will cost about $3.00-$5.00 per ton, but 
even on some one type of material the range may be 
wide, depending upon the requirements with regard 
to the maximum permissible particle size. These fig- 
ures are energy costs, not over-all grinding costs. 
Other items of expense are dependent upon seale of 
operation and local factors, hence gross cost figures 
eannot be given. 

With today’s increasing demand from industry and 
from science for finer particle sizes, jet mills will be 
widely used in superfine grinding, and their potential 
importance in the chemical industry has just begun 
to be appreciated. 

Conrap Trost 
Moorestown, New Jersey 


SCIENCE, founded in 1880, is published each Friday by the American As- 


Lancaster, Pa., January 13, 1948, under the Act of March 3, 1879. Accept- 
ance for mailing at the special rate postage provided for in the Act of February 
28, 1925, embodied in Paragraph (d-2) Section 34.40 P. L. & R. of 1948. 
All correspondence ww x be sent to SCIENCE, 1515 Massachusetts Ave., 
. W., Washington 5, C. The AAAS assumes no responsibility for the safety 
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is required for change of address, and an address stencil label from « recent 

issue must be furnished. Claims for a missing number will be allowed only if 

received within 60 days from date of issue. 
Annual subscriptions, $7.50; single copies, $.25; foreign postage, outside the 


Pan-American Union, $1.00; Canadian postage, $.50. Special rates to members 


3 


sociation for the Advancement of Science at the Business Press, i0 McGovern . 
Ave., Lancaster, Pa. Entered as second-class matter at the Post Office at 
of the AAAS 
The AAAS also publishes THE SCIENTIFIC MONTHLY. Subscription and ad- 
vertising rates on request. : 
Cable address: ADVANCESCI. 


Bird CRYO-DESICCATOR 


Price $1450.00 


FURNISHED WITH THE FOLLOWING ACCESSORIES: 
e@ 1 extra glass tube for tissue heater 
@ 1 electric cord 


FOR USE IN: 


Histology « Cytology « Histopathology 
Cytochemistry « Histochemistry 


The Bird Tissue Cryo-Desiccator provides 
a simple, rapid, reliable and inexpensive 
method of preparing frozen dried tissues. 

Tissues are supported in a basket which 
has movable partitions to accommodate 
specimens of different sizes. 


Temperature is measured under the same 
conditions as the tissue. Liquid nitrogen is 
used to cool the tissue. Automatic sealing is 
achieved by atmospheric pressure. 

This new Cryo-Desiccator is inexpensive 
to operate and easy to use. Glass parts are 
held to a minimum and the construction is 
rugged. 


@ 1 flexible metal tube for attaching to pump 
e 1 dial thermometer, Weston 0-180 Deg. F. for use on 115 V., 60 


cycles only. 


For further information write: 


2385 RHODE ISLAND AVE., N.E. 


WASHINGTON, D. C. 


6th & Byrd St. 
RICHMOND 


VIRGINIA 


Manufacturers and Distributors of Scientific Equipment 
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600 POWER 


IMPORTED MICROSCOPE 


MAKE YOUR OWN 
ASTRONOMICAL TELESCOPE 


See the craters of the moon, the rings of Saturn 
and the moons of Jupiter! Thousands of smateurs 
have turned out beautiful instruments at « fraction of 
the cost of commercially built ones. You can do the 
same. No. special skill required. And what pride you 


ronom! Telescope have built 
You Can Add Other Accessories 2 Eye-Pieces | —,- 
8X and 15X) to $600. Our kits include: PYREX MIRROR BLANK 
This unusual low-price instrument will PLATE GLASS TOOL—TEM- 
take standard objectives and eye-pieces. e PERED POLISHING PITCH — J 
Thus you can add varied-power objectives Achromatic 8 ASSORTED EXTRA FINE 
and eye-pieces, plos other standard size Objective ABRASIVES, ALL IN SHAKER 
accessories. You can add our triple or (40X) TOP CONTAINERS (Ronge also 
quadruple nosepiece, mechanical stage and included) — FIRST SURFACE 
iris diaphragm. Purchase these accessories = 
over a period of time—build up to a fine, 
ultra high-power instrument. If interested 
in this project, write for MICROSCOPE Pinion 
BULLETIN W. In any event, your first Focusing 
step is to purchase the basic 600 Power Revolving 
Microscope—an outstanding value worth bad Dise-Light 
up to $75.00. Comes in sturdy, hardwood Square pny A 
case. Order at our low price on money-back — 
guarantee. 3-5/8" x3%” Height 11” 
Stock No. 70,014-W ............. $37.50 Pstpd. 
Your Chance to Own a Very Fine Instrument MICROSCOPE 
p RTED Mi R EYE-PIECES . Imported! Achromatic! Will ft any 


ONLY 
100, 200, 300 Power 
Good optical qualities. Fine focusing. 95 
Certainly mot the equal of a $200 in- Pstpd 
strument—but definition is surprisingly 1 OCULAR 
clear and good . . . in fact amazingly so 3 OBJECTIVE 
at this price. Serviceable construction. LENSES 
The greatest microscope bargain on the RACK & 
market! PINION 
FOCUSING 
TRY IT FOR 10 DAYS . . . if you're REVOLVING 
not completely satisfied your money will DISC-LIGPT 
be refunded in full ADJUSTABLE 
MIRROR 
Instrument comes packed in sturdy, hard 
wood case. 2-5/8") with 
SLIDE CLAMPS 


standard microscope. Packed in con- 


Imported! Will fit any standard micro- venient, serew-top plastic tube. Pix- 


scope. Value $5.00 to $25.00. cep. value. 
Stock Power Pries 

30,045-W 5X $4.00 Pate. 
30,039-W 5K $3.75 Psted. | Patt. 
30,040-W 8X 3.75 Pited. | 30,047-w 12.00 Pstpd. 
30,041-W = 10K 3.75 Pstpd. | 30,048-W 40X 16.00 Pstpd. 
30,042-W 12K 4.00 Pstpd. | 30,049-w 24.00 Pata. 
30,043-W 4.25 Pstpa. | 30,050-W 


(oll immersion) 32.00 Pstpd. 


30,051-W 100% 
(oil immersion 
with Iris Diaph.) 60.00 Pstpd. 


30,044-W 20x 
(Compensating) 16.00 Pstpd. 


LOOK AT THESE BARGAINS! 


SLIDE PROJECTOR SETS—Consist of all unmounted lenses 
you need to make the following size projectors: 


Stock #4029-W—35 $2.85 P 
Stock #4038-Ww 2%" x 2%” .... $5.55 Postpaid 


SO MUCH for SO LITTLE! 


SIMPLE LENS KITS! — Kits include plainly written, illus- 
trated booklet showing how you can build lots of optical 
items. Use these lenses in experimental optics, building 


TELESCOPES, low power Microscopes, etc. 
Stock #2-W—10 lenses $ 1.00 Postpaid 
Stock #5-W—45 lenses ................... 5.00 Postpaid 
10.00 Postpaid 


NON-ABSORBING BEAM-SPLITTING MIRROR — Latest 
development ! Optically flat to % wave length. Size: 
1-15/16” x 2-15/16"—%” thick. Reflects approximately 50% 
and transmits approximately 50%. No light is absorbed. 
Has a three-layered film which accomplishes non-absorption. 

$5.00 Postpaid 


IMPORTED! 50 POWER POCKET MICROSCOPE 


Polished Chrome Diagonal Bottom! 
Dozens of Fascinating Uses. Easy to focus. Excellent, 


strong optical system. Practical for all sorts of 
minute, close-up examinations. Gives wonderful, sharp, clear magnification. 
Polished chrome diagona! bottom concentrates light on subject. Here's the 
most compact, handy microscope ever offered at the price—a $7 value. Metal 
body has hard. gray finish. Instrument weighs approx. 2 om. 4%” long 


PREPARED MICROSCOPE SLIDE SETS 10 Slides In Set—Standard Size 
Stock No. 40,006-W Vegetables ..... (Per Set) $2.50 
Stock No. 40,007-W Amimals ... (Per Set) $2.50 P.P. 
Stock No. 40,008-W Micro-Organisms ...........++- (Per Set) $3.00 P.P. 


EYE-PIECE MICROMETER—Imported! 19 mm. diameter. 10 mm. scale divided 
into 100 parts. Val. $5.00. 
STAGE MICROMETER—Imported! Rectangular glass slide with 
scale—1 mm. long divided into units of 0.01 mm. Val. to $10.00. 
Stock 730,036-W $4.00 Pstpd. 
REVOLVING NOSEPIECE—Imported! Triple and quadruple. For Standard size 
microscopes and objectives. 

Stock ... Triple ..... $11.00 Pstpd. 

$13.50 Potpd. 


IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


We Hove Literally of Wor 


Stock ... 
Send Check or M. 0. 
Guaranteed 


ORDER BY STOCK NO. chee 


Lenses ond Prisms for Sele ot Borgen 
is Prices. Types of Toot 
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NARROW MOUTH, SCREW CAP 


POLYETHYLENE BOTTLES 


Flexible and unbreakable in normal use and 
highly resistant to chemical attack 


BOTTLES, POLYETHYLENE, Narrow Mouth, Screw Cap. Polyethylene is a tough, lightweight, 
thermoplastic, paraffinic material with wax-like appearance and feel, and possesses the following charac- 


teristics: 


Flexible and unbreakable in normal use. Not attacked significantly at room temperature by concen- 
Unaffected by light. 


trated alkali, concentrated hydrofluoric, phosphoric, hydro- 
Inert to ordinary buffer soluti chloric or chromic acids, sulfuric and nitric acids up to 


70%, and hydrogen peroxide to 90%. 
Can be used at temperatures up to approximately 70° C; Can be marked with usual glass marking wax pencils. 
so-tening range 100° to 115° C. Specific gravity is 0.92. 


However, they are not suitable for alcohols, halogens, vegetable or animal oils, aromatic hydrocarbons 


and other organic solvents. 


Polyethylene caps do not require liners and provide a tight, leak-proof seal which does not “freeze” 
or slip. Screw necks for sizes 32 oz. to 1 gallon, inclusive, have special pouring lips. 


2205-A. Bottles, Polyethylene, Narrow Mouth, Screw Cap, as above described, complete with polyethylene caps. 
Capacity 


Se ee 2 o7. 4 oz. 8 oz. 16 oz. 32 oz. Y, gal. 1 gal. 
Inside depth of cap, mm, .... 8 9 9 9 24 31 31 
sw .22 .27 Al 1.16 5.10 7.34 
Per dozen, one size only ..... 2.36 2.93 4.44 6.16 12.65 55.20 79.39 
Net weight each, ounces .... Y % 1 2 4, i) 13 
an Auoeb Auoec Auoee Auoef Auoeg Auoeh Auoej 


NOTE—Also available, Polyethylene Caps only, for use with glass bottles; and Bottles only, for use with either 
Polyethylene or moulded phenolic resin screw caps. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 


WEST WASHINGTON SQUARE 
PHILADELPHIA 65, PA. 
Teletype Services: Western Union WUX and Bell System PH-72 
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It 
adds 
miles 

to your voice 


For years the telephone you know and use has 
done its job well—and still does. But as America 
grows, more people are settling in suburban 
areas. Telephone lines must be longer; more 
voice energy is needed to span the extra miles. 


Bell Telephone Laboratories developed a new 
telephone which can deliver a voice ten times 
more powerfully. Outlying points may now be 
served without the installation of extra-heavy 
wires or special batteries on subscribers’ premises. 
For shorter distances, the job can be done with 
thinner wires than before. Thus thousands of 
tons of copper and other strategic materials are 
being conserved. 


The new telephone shows once again how Bell 
Telephone Laboratories keeps making telephony 
better while the cost stays low. 


BELL TELEPHONE 
LABORATORIES 


Improving telephone service for America provides careers 
for creative men in scientific and technical fields. 


New “500” telephone. It has already been 
introduced on a limited scale and will be put 
in use as opportunity permits, in places where 
it can serve best. Note new dial and 25 per 
cent lighter handset. 


Adjustable volume control on bottom of new telephone permits 
subscriber to set it to ring as loudly or softly as he pleases. Ring 
is pleasant and harmonious, yet stands out clearer 


QUICK FACTS ON NEW TELEPHONE 


Transmitter is much more powerful, due 
largely to increased sound pressure at the 
diaphragm and more efficient use of the 
carbon granules that turn sound waves into 
electrical impulses. 


Light ring armature diaphragm receiver 
produces three times as much acoustic energy 
for the same input power. It transmits more 
of the high frequencies. 


Improved dial mechanism can send pulses 
over greater distances to operate switches in 
dial exchange. 


Built-in varistors equalize current, so voices 
don’t get too loud close to telephone exchange. 


Despite increased sensitivity of receiver, 
“clicks” are subdued by copper oxide varistor 
which chops off peaks of current surges. 
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A NEW AAAS SYMPOSIUM 


INDUSTRIAL SCIENCE—PRESENT AND FUTURE 


Subjects treated include 
Five leading Industries: 


Petroleum—Steel— Communications —Chemicals — Pharmaceuticals 
There are contributions on 


Horizons of Indusirial Science 
from the viewpoint of the: 
Consultant—Educator—-Research Director—Government—Scientist 


Public Aspects of Industrial Science 


are covered by these papers: 


The Contributions of Indus- The New Industry and 
try to Scientific Education the Community 

Industrial Science and Industrial Science and 
Community Health its Public Relations 


Authors who collaborated to make this book an auspicious inauguration of the new AAAS Section on 
Industrial Science (P) 


Allen T. Bonnell, Vice President Hiland G. Batcheller, Chairman of Edward R. Weidlein, President 
Drexel Institute of Technology Board ‘ Mellon Institute of Industrial 
Lillian M. Gilbreth, President Allegheny Ludlum Steel Corporation Research 
silbreth, Inc. J. B. Fisk, Director of Research, Ohi : 
J Cc Presid Physical Sciences, Bell Telephone Charles L. Dunham, Chief . Medical 
ames Creese, President Soin : Branch, Division of Biology and 
Drexel Institute of Technology aporaterses Medicine 
Frank C. Croxton, Assistant Director Norman A. Shepard, Chemical U. S. Atomic Energy Commission 
Battelle Memorial Institute Director 
é American Cyanamid Company Robert A. Neary, Public Relations 

Alan T. Waterman, Director Department 
National Science Foundation President Aluminum Company of America 
Robert E. Wilson, Chairman of the H 

Boar C. L. Emerson, Vice President G. Edward Pendray, President 
Standard Oil Comany of Indiana Georgia Institute of Technology Pendray and Company 


6x 9 inches, paperbound, 160 pages, price $2.00 
Orders for 10 or more copies, $1.60 per copy 
Both Industrial Science and Soviet Science, $3.00 


Mail your order now 

TO: AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N.W. 
Washington 5, D. C. 


Please accept my order for ...... copies of Industrial Science. 
Please accept my order for ...... copies of Soviet Science. 
My check or money order in the amount of $.......... is enclosed. 
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x THE great Johns-Manville Re- 
search Center at Manville, N.J., 
Noretco X-ray Diffraction equip- 
ment shows what happens when 
building materials are exposed to 
heat, cold, wear. 

It plays a star role in develop- 
ment of new products and im- 
provement of the old. It’s the 
“trouble-shooter” for manufactur- 
ing and sales departments. 

It identifies materials, reveals 


Serving Science 


and Industry 


flaws, serves as the court of last ap- 
peal for Johns-Manville scientists. 

It helps to maintain the leader- 
ship of Johns- Manville in providing 
new and better building materials 
for its nation-wide and world-wide 
market. 


1 
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Noretco X-ray Diffraction equip- 
ment shows us the atomic world 
we live in... paves the way to bet- 
ter food, clothing, shelter, and 
medical care...indicates ways to 


conserve our resources and broaden 
our sciences. It permits non-de- 
structive analysis which is impos- 
sible for chemistry. The North 
American Philips Company wel- 


PRODUCT OF 


comes your questions about pos- 
sible diffraction uses in your 
company or research group. Also 
write for free 60-page catalog of 
latest NoRELCO equipment. A ppli- 
cations are now being accepted for 
the fall term of the Philips Dif- 
fraction School beginning in Octo- 
ber. Enroll now or write for details, 


Typical Users 


Americon Cyanamid Company 
American Enka Corporation 
Diamond Alkoli Company 

The Firestone Tire & Rubber Company 
The Glidden Company 

International Harvester Company 
Jones and Laughlin Steel Corporation 
Merck and Company, Inc. 

Nationa! Lead Compony 

The New Jersey Zinc Company 
Norton Company 

Shel! Oil Company 

A. ©. Smith Corporation 


wh loreled \\. 


NORTH AMERICAN 


COMPANY, INC. 


Dept. 1]-2 * 100 East 42nd St., New York 17, N. Y. 
In Canada: Rogers Majestic Electronics Ltd., 11-19 Brenteliffe Road, Leaside, Toronto 17, Ontario 
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Flawless Operation, Safety Proof Design 


Everlasting 


SERVALL 
ANGLE CENTRIFUGE 


(Superspeed) 


Max, capa- 
city 8x 


SERVALL ANGLE CENTRIFUGES, § © Greater Speed 


Type SS-1 and SS-1A are today recog- ped 
nized as standard laboratory equip- § Centering Device 
ment for both research and routine ae Dynamical 
work. Their savings in time cnd labor 
are already legend. They can be de- Poss be Use of 4 
pended upon to give faithful service § Different Tube 
at those times when speed and volume § Sizes! 

count the most. 
A Free Bulletin EO-21, will give you § usetuiness 

the complete report on the World’s Anodized Ro- 


Best Made Centrifuge . . . the §f tors for Corrosion- 


SERVALL Superspeed! Resistance 
210 Fifth Ave., 
Ivan Sorvall, UNC, New York 10, 


CHEMICALS 


OVER 5100 


@ Cobalt Molybdate 

@ Cobalt Thiocyanate 

@ Cobalt Tungstate @ Coproporphyrin 

@ Coniferin @ Coriamyrtin 

@ Coniine e@ Coronene 

@ Copper Acetylacetonate @ Corydaline 

@ Copper Aminoacetate © o-Cresol Indophenol 

© Copper Borate @ m-Cresol Indophenol 

@ Copper Hydrazine @ Cresyl o-Silicate 
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Properties of Liquid Helium 3 


Bernard M. Abraham, Darrell W. Osborne, and Bernard Weinstock 
Argonne National Laboratory, Lemont, Illinois 


HE DISCOVERY of He’*, the rare stable 

isotope of helium, by Alvarez and Cornog 

in 1939, was of considerable interest to low 

temperature physicists, because it presented 
a possible test of the theory that imany of the remark- 
able properties of liquid He* are due to the existence 
of an even number of fundamental particles in the 
He* atom. According to this theory the behavior of 
liquid He*, with an odd number of fundamental par- 
ticles in the atom, would be expected to be quite dif- 
ferent from that of liquid He*. The present article 
summarizes the low-temperature research on He*® and 
its significance in the liquid helium problem. 

Liquid He*, Before the methods of obtaining He* 
and the experimental work performed with it are 
described, a brief account will be given of some of 
the properties of liquid He* and of the theory that 
stimulated the study of He*. More detailed accounts 
of the properties and theories of liquid He* may be 
found elsewhere (1-3). 

Between its critical point, 5.2° K, and 2.19° K 
liquid He* exhibits no unusual properties, with the 
exception that its viscosity decreases slightly as the 
temperature decreases. At 2.19° K (the “lambda- 
point”) a transition to a new liquid phase with many 
unique properties oceurs. This phase is ealled He IT 
to distinguish it from He I, the liquid phase that is 
stable above the lambda-point. The transition takes 
place without a latent heat or a volume change and 
hence is a second-order transition, in contrast to the 
usual first-order phase transitions such as vaporiza- 
tion or solidification. The term iambda-point was sug- 
gested by the similarity of the shape of the heat 
capacity curve near this temperature to the Greek 
letter i. 

The properties of He IT have caused it to be termed 
a superfluid. Its viscosity as determined by the meas- 
urement of the flow through fine capillaries becomes 
vanishingly small as the temperature is lowered. Fur- 
thermore, the heat conductivity becomes abnormally 
large—under suitable conditions a thousand times that 
of copper at room temperature. Perhaps an even more 
remarkable property is the propagation of heat pulses 
through He II by a wave motion, which is called 
“second sound,” by analogy with the transmission of 
pressure differences in ordinary sound, Still another 
characteristic of He II is the mobile film that ap- 
parently defies gravity. For example, the film flows 
up over the rim of an empty beaker partially im- 
mersed in a He IT bath until the liquid levels inside 
and outside the beaker are equalized. Finally, in eon- 
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trast to all other substances, He* remains liquid when 
cooled under its own vapor pressure to absolute zero, 
and at that temperature it requires a pressure of 25 
atmospheres for solidification. 

It has been possible to correlate many of these 
phenomena by assuming that He LI is composed of 
two interpenetrating fluids, a normal and a superfluid 
(4). The former, as the name implies, is assumed to 
be similar to an ordinary liquid, whereas the latter 
is assumed to have zero viscosity, zero entropy, and 
zero heat content. In this theory the relative amount 
of the normal and superfluid components is deter- 
mined by the temperature, the fraction that is super- 
fluid increasing rapidly from zero at the lambda-tem- 
perature to unity at 0° K. The flow through narrow 
channels is explained as being due primarily to the 
superfluid, which flows with zero viscosity, whereas 
the normal fluid is held back by viscous drag. The 
decrease of the viscosity as the temperature is lowered 
is due to the decrease in the proportion of the normal 
fluid. The mechanism of heat transfer is depicted as 
an internal convection of normal and superfluid, the 
former moving toward the cold zone and the Jatter 
toward the hot zone. This process, which oecurs with 
much greater efficiency than ordinary heat conduction, 
results in the extremely high heat conductivity. Un- 
doubtedly a major triumph of the two-fluid model was 
the prediction of second sound several years before 
its observation. 

The two-fluid hypothesis, as first developed by Tisza 
(4), was inspired by a suggestion of F. London (5) 
that there is a connection between the lambda-transi- 
tion in liquid He* and a peculiar condensation that 
ean occur in a gas following Bose-Kinstein statistics, 
In such a gas, starting at a characteristic tempera- 
ture, 7, the atoms begin to occupy the lowest energy 
state, and at 0° K all the atoms are in this state. At 
T,) a maximum appears in the heat capacity of a 
Bose-Einstein gas; similarly there is a maximum in 
the heat capacity of liquid He* at the lambda-tem- 
perature. When the density of liquid He* is used in 
this gas model, 7, is ealeulated to be 3.14° K, in 
reasonable agreement with the observed lambda-tem- 
perature, 2.19° K. It should be pointed out, however, 
that quantitative agreement is not to be expected, 
because the interactions between the atoms have heen 
neglected in treating the liquid as a gas. In the devel- 
opment of the two-fluid theory, Tisza identified the 
superfluid with the atoms in the lowest energy state. 

It is important to note that this condensation can- 
not oceur in a system that follows Fermi-Dirae statis- 
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ties, because the latter permits only a small number 
of atoms to occupy the lowest energy state. The sta- 
tistics followed by a system of weakly interacting 
identical atoms is simply determined by the number 
of fundamental particles in each atom. If the number 
is even, as in He*, Bose-Einstein statisties is obeyed; 
if it is odd, as in He*, Fermi-Dirae statisties is obeyed. 
No further information regarding these types of sta- 
tistics is needed to appreciate their significance in the 
helium problem. Clearly, any theory that bases the 
behavior of liquid He* on Bose-Einstein statistics 
cannot apply to He*. The comparison, then, of liquid 
He* with liquid He* offers a means of evaluating the 
importance of statistics in influencing macroscopic be- 
havior. 

Sources of He®, The natural abundance of He? is 
very sinall, varying from about 1 ppm in atmospheric 
helium to about 0.1 ppm in gas well helium. Although 
its separation from natural sources seems to be a 
formidable task, significant quantities of helium con- 
taining as much as 4 per cent He* have been obtained. 
The principal technique that has been used for the 
separation is thermal diffusion, and enrichment meth- 
ods that take advantage of the superfluid properties 
of He*—He* solutions (to be discussed later) have also 
been employed. 

Fortunately, it beeame possible to avoid this diffi- 
cult isotope separation by making use of the follow- 
ing nuclear reactions: 


Li®+n— H* + He* (1) 
12.5 yr 
H* He*+ (2) 


Tritium (H*) is first produced by irradiating lithium 
with neutrons in a chain-reacting pile, as shown in 
Eq. (1). The tritium is easily separated from the 
He‘—for example, by diffusion of the tritium through 
a heated palladium thimble—and is then set aside to 
decay (Eq. [2]). Finally, the He*® that has grown in 
is separated from the remaining tritium. The isotopic 
purity of the He* is limited only by the complete- 
ness of the initial separation of tritium from Het. 
The preparation of He* by this method was first re- 
ported by A. Novick (6) in his determination of the 
half-life of tritium. 

Liquefaction of He*. The question of immediate 
interest, once pure He*® was obtained, was whether it 
would liquefy. This question was raised beeanse the 
attractive forces in He* are so weak that they are 
barely able to overcome the zero-point energy to form 
a liquid phase. In He* the attractive forces are the 
same, but the zero-point energy is larger as a result 
of the smaller mass, and therefore it seemed possible 
that He® might not liquefy. Notwithstanding, de Boer 
and Lunbeck (7) predicted the vapor pressure and 
the critical point of liquid He*® on the basis of a 
quantum theory of corresponding states. Their pre- 
dictions were in excellent agreement with the first 
measurements on liquid He* by Sydoriak, Grilly, and 
Hammel (8) and with the subsequent measurements 
by the authors (9). 
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TABLE 1 
Vapor Pressures or Liguip He* anp Liquip He* 


Py." 3 4 
(°K) (mmHg) (mmHg) 
1.0 8.7 0.12 72 
15 50.7 3.59 14 
2.0 152 24.2 6.3 
2.5 334 78.5 43 
3.0 618 183 3.4 
3.35 890 293 3.0 


A comparison of the vapor pressures of the two 
liquids at several temperatures is given in Table 1; 
the boiling points, critical constants, and molar vol- 
umes (10) are given in Table 2. It is interesting to 


TABLE 2 
PuysicaL ConsTANts oF Liquip He* anp Liquip 


He* He* 
Boiling point (°K) 3.20 4.22 
Critical temperature (°K) 3.35 5.20 
Critical pressure (mm Hg) 890 1718 
Molal volume at 1°K (ml) 38 27.6 
Lambda-temperature (°K) ? 2.19 


note that the greater zero-point energy of He* causes 
the molal volume of liquid He* to be much greater 
than that of liquid Het. 

Flow properties of liquid He’, After it had been 
established that He* would liquefy, the authors (11) 
made a search for superfluidity by comparing the flow 
rate of liquid He*® with that of liquid He* through 
a narrow chaunel, or “superleak.” The leak was con- 
structed by shrinking a Pyrex glass capillary around 
a platinum wire of 0.005 in. diameter. On cooling, a 
narrow annular channel was formed because of the 
difference between the coefficients of expansion of the 
glass and the metal. By measuring the flow rate of 


so T 


MASS RATE OF FLOW ( 10°® gm/sec) 


2 3 
TEMPERATURE (°K) 


Fie. 1. Mass rate of flow of liquid He*® and of liquid Het 
through a superleak, as a function of temperature. 
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helium gas through the leak at 4.22° K, the width of 
the channel was estimated to be 7x 10 em. The as- 
sembly was in the shape of a long U-tube supported 
vertically in a liquid helium bath, with the superleak 
constituting the lower 5 em of one leg. The experi- 
ments were performed by condensing about 0.02 ml 
of liquid at the top of the leak and then permitting 
the liquid to flow through under its own vapor pres- 
sure. The amount of material flowing through the leak 
was observed as a pressure rise in a large bulb out- 
side the helium bath. As shown in Fig. 1, the mass rate 
of flow of liquid He* was observed to decrease with 
temperature until the lambda-point was reached, and 
then to increase sharply with further decrease in tem- 
perature. On the other hand, the rate of flow of liquid 
He* under the same conditions decreased steadily as 
the temperature was lowered from 3.2° K to the low- 
est temperature attainable in the apparatus—1.05° K. 

It was thus established that superfluidity does not 
oceur in liquid He* down to 1.05° K. This tempera- 
ture is probably low enough for the conclusion to be 
drawn that liquid He® does not become superfluid at 
any temperature, in agreement with the theory that 
the lambda-transition in He* is connected with Bose- 
Einstein statisties. The conclusion was further cor- 
roborated by an experiment of Daunt and Heer (12) 
with He*—He* solutions, which will be described Jater. 
From their results they deduced that pure He?® is not 
superfluid down to at least 0.25° K. 

The viscosity of liquid He* has been obtained from 
measurements of the flow rate through the superleak 
under various pressure heads (13). It was found that 
the viscosity increases from a value of 22 micropoise 
at 2.8° K to 30 micropoise at 1.0° K. By comparison, 
the viscosity of He I decreases slightly from 33 micro- 
poise at 5° K to 30 micropoise at 2.7° K and then 
more rapidly to 22 micropoise at the lambda-point, 
just as though the He* were anticipating the lambda- 
point. The fact that the viscosity of liquid He’ in- 
creases with decreasing temperature is therefore be- 
lieved to be further evidence for the nonexistence of 
a superfluid transition in He’®. 

Solidification of He*. The absence of superfluidity 
in He® raised the question whether He*® would remain 
liquid at absolute zero. An examination of the melting 
pressure curve of He* seems to indicate that there 
would have been a triple point at 1° K if the lambda- 
point had not oceurred, Instead, the melting pressure 
curve suddenly changes course at the lambda-point 
and then rapidly approaches a constant value of 25 
atmospheres. It seemed possible, therefore, that liquid 
He*, which has no lambda-point, might solidify under 
its own vapor pressure. 

A schematic diagram of the apparatus used by the 
authors (14, 15) to determine the melting curve of 
He’ is given in Fig. 2. The technique employed was 
the blocked capillary method used by Keesom to deter- 
mine the meiting pressure of He*. As the pressure in 
the system was slowly raised by compressing the He® 
gas in the reservoir (H) with the hydraulic system 
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Fic. 2. Apparatus for the measurement of the melting pres- 
sure of He*® (schematic). 


(1), the two Bourdon gauges (B, G) read the same 
until solidification occurred. Then, beeause of the plug 
of solid that now blocked the capillary U-tube (D), 
gauge (B) remained constant at the melting pressure, 
whereas gauge (G) continued to increase. Conversely, 
as the pressure was lowered, the gauges became equal 
again at the melting pressure. For measurements be- 
tween 1.5° K and 1.02° K the capillary U-tube was 
immersed directly in a bath of liquid helium (F) boil- 
ing under reduced pressure, and for measurements 
down to 0.16° K it was surrounded by a paramag- 
netie salt (ferric ammonium alum), which was cooled 
by adiabatic demagnetization. 


otmos) 


MELTING «PRESSURE 


TEMPERATURE (**) 


Fic, 3. Melting pressure of He® vs. temperature. 


The results of both sets of measurements are plotted 
in Fig. 3. From 0.5° K to 1.5° K the data are repre- 
sented by the equation 


P =26.8 + 13.1 7? atm, (3) 


which is shown as the solid curve in the figure. Below 
0.5° K the observed pressures approach a constant 
value of 29.3 atmospheres, but there is a possibility 
that the deviation of these points from Eq. (3) may 
be due to poor thermal contact between the capillary 
and the salt below 0.5° K. It is clear, however, that 
the melting pressure is at least 26.8 atmospheres at 
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absolute zero, and that He’, like He*, remains liquid 
under its own vapor pressure at absolute zero. 

Nuclear alignment in He*. Besides yielding infor- 
mation about the physical state of He* near absolute 
zero, the melting pressure curve can answer the ques- 
tion of nuclear alignment in the liquid. At high tem- 
peratures the nuclear spins in He® (equal to 4%) are 
randomly oriented, and this disorder contributes to the 
entropy of both liquid and solid. At sufficiently low 
temperatures the spins may become aligned in a 
parallel or antiparallel arrangement, with a concomi- 
tant loss in the nuclear spin entropy. This effect would 
be absent in He‘, since it has no nuclear spin. Pomer- 
anchuk (16) has predicted that, because of exchange 
forces effective in the liquid but not in the solid, this 
alignment will take place in the liquid near 1° K bui 
not in the solid until 10°*° K. According to his pre- 
diction the entropies of the liquid and solid become 
equal near 1° K, and below this temperat»re (down 
to 10°" K) the entropy of the liquid is les: chan that 
of the solid. Consequently, the melting pressure curve 
would have a minimum at 1° K and then rise as the 
temperature is lowered further. As was shown in Fig. 
3, however, the experimentally determined melting 
pressures do not show a minimum, in disagreement 
with Pomeranchuk’s prediction, and it can be econ- 
eluded that nuclear alignment does not occur in the 
liquid down to 0.5° K. Further experimental work is 
needed to determine the shape of the melting pressure 
curve below 0.5° K, for it is still possible that nuclear 
alignment will oceur at a lower, experimentally realiz- 
able temperature. 

He*—He* solutions. A discussion of He® is not com- 
plete without consideration of some of the properties 
of He*—Het* solutions. It will be possible to cover only 
the highlights of the extensive research with these 
solutions, but a more comprehensive treatment may 
be found in a recent review article (17). 

It was suggested by Franck (78) that the He*® in a 
He*—He* solution would not participate in superflow 
and that an enrichment of He® could be obtained by 
making use of this property. The idea was first tested 
by Daunt, Probst, Johnston, Aldrich, and Nier (19) 
in a film flow experiment with atmospheric helium. A 
Dewar vessel, capped with a ground-glass plug, was 
partially immersed in liquid He II, so that the sur- 
face of the bath was below the cap. When energy was 
supplied to an electrical heater in the Dewar vessel, 
helium flowed in through the ground-glass joint solely 
by means of the mobile film. The helium that collected 
in the Dewar was shown by mass spectrometer analy- 
sis to have a He® concentration of less than 5 x 10-, 
as compared to the starting concentration of 1.2 x 10-°. 
The result indicated that, in agreement with Franck’s 
suggestion, He* does not partake of the superflow in 
the helium film and that it is indeed possible to en- 
rich He* by taking advantage of this behavior. 

Further evidence that the He* in liquid helium does 
not participate in superflow was obtained by Lane, 
Fairbank, Aldrich, and Nier (20). In their apparatus, 
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Fic. 4. Apparatus for the enrichment of He*® in He*-He* 
solutions by heat flush (schematic). 


shown schematically in Fig. 4, a heater (H) was 
placed in the interior of an inverted bulb (B), which 
communicated with the filling system through a glass 
capillary U-tube (C), a Kovar tube (K), and another 
glass capillary (7). The whole assembly was immersed 
in a bath of liquid helium contained in a Dewar (D), 
and then atmospheric helium was condensed in the 
bulb and U-tube to the level indicated. With the bath 
below the lambda-point, heat was supplied to the 
heater, and 10 minutes later a portion of the liquid 
was removed from the Kovar tube by evaporation. 
The sample thus obtained contained 50 per cent of 
the total quantity of He* in the system, and the con- 
centration of He* in the sample was 130 times the 
original value. This observation is explained in terms 
of the two-fluid model of heat conduction as a “heat 
flush,” in which the superfluid atoms move toward the 
heater, whereas the He*® atoms move away from the 
heater in company with the normal fluid and thus con- 
centrate in the Kovar tube. 

The heat flush technique has been incorporated in 
several of the procedures for the concentration of He* 
from natural sources. For example, Reynolds, Fair- 
bank, Lane, McInteer, and Nier (21), starting with 
helium enriched to 0.01 per cent He* by thermal dif- 
fusion, have increased the concentration to 4 per cent. 
Using the heat flush method, Eselson and Lazarev 
(22) have produced helium containing 0.01 per cent 
He*® from helium with an initial He*/He* ratio of 
5x10-8, and Taconis has produced helium with .5 
per cent He* from atmospheric helium with a He’ 
eontent of 1.2 x 10-*. 

The postulate that He* associates only with the 
normal component of He* was extended further by 
Taconis, Beenakker, Nier, and Aldrich (23) in the 
interpretation of their vapor pressure measurements 
with a He*—He* mixture containing 0.05 per cent He’. 
The vapor pressure of an ideal solution is described 
by Raoult’s law, 

P=aP,° + (1-2)P,°, (4) 
where P is the vapor pressure of the solution, P,° and 
P,° are the vapor pressures of pure He* and pure He‘, 
respectively, and « is the mole fraction of He* in the 
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solution. Offhand, one would expect that a mixture of 
two isotopes would form an ideal solution. However, 
the observed values of P below the lambda-tempera- 
ture were always higher than predicted by Raoult’s 
law, and the deviation increased as the temperature 
was lowered. A satisfactory explanation was obtained 
by assuming that the He* should be considered as dis- 
solved only in the normal fluid and that x should be 
calculated without counting the superfluid component. 
As the temperature is lowered below the lambda-point, 
the amount of the normal fluid decreases, and hence x, 
the mole fraction of He* in the normal fluid, increases. 
This coneept has been embodied in de Boer and 
Gorter’s theoretical treatment (24) of the properties 
of He*—He* solutions, and subsequent measurements 
have indicated that it is at least qualitatively correct. 

In all the experiments with He*—He* solutions de- 
scribed thus far, the He* content has been too small 
to cause a measurable change of the lambda-tempera- 
ture of He*. The lowering of the lambda-temperature 
by the addition of He*® was first demonstrated by the 
authors (25) in another experiment with the super- 
leak previously deseribed. In these measurements the 
criterion for the oceurrence of the lambda-transition 
in a solution was a break in the plot of mass rate of 
flow vs. temperature, similar to that shown for pure 
He* in Fig. 1. The results obtained in this way are 
shown as squares in Fig. 5. Daunt and Heer (12) 
extended the measurements to higher concentrations, 
using the appearance of the abnormal heat conductiv- 
ity through the He II film to locate the lambda- 
temperatures. Their results, shown as open circles in 
Fig. 5, gave 0.38° K as the lambda-temperature of a 
solution with 89 per cent He*, and, by extrapolation 
of the measured curve to 100 per cent He’, they con- 
cluded that pure He* cannot be superfluid above 
0.25° K. Also shown in Fig. 5 is a point for 1.5 
per cent He® determined by Eselson, Lazarev, and 
Lifshits (26), who observed the temperature at which 
flow through the helium film begins. As a consequence 
of the decrease in lambda-temperature with increas- 
ing He®* concentration, it is not possible to make pure 
He* by methods based solely on superfluidity. At tem- 
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Fic. 5. Ratio of the lambda-temperatures of He*-Het solu- 
tions, 7), to the lambda-temperature of pure Het, 7, as a 
function of the mole fraction of He*, C,. @ Eselson, Lazarev, 
and Lifshits (26) ;[ Abraham, Weinstock, and Osborne (25) ; 
© Daunt and Heer (12). 
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peratures that can be conveniently reached by pump- 
ing on liquid helium (about 1° K) the limit is ap- 
proximately 60 per cent He’. 

The apparent association of He* with only the 
normal fluid suggested that a He*—He* solution below 
its lambda temperature might separate into two physi- 
eally distinet liquid phases. The authors (27) have 
proved, however, that only a single liquid phase ex- 
ists below the lambda-point by showing that the 
vapor pressures of a 20.3 and of a 25.5 per cent solu- 
tion of He* in He‘ are different at all temperatures 
down to 1.04° K, well below the lambda-iemperatures 
of both solutions. The proof follows from the phase 
rule, which would require the two solutions to have 
the same vapor pressure at a given temperature, if 
each had separated into two liquid phases. The ex- 
istence of a single liquid phase above and below the 
lambda-point has the consequence that the lambda- 
transition in solutions is second order, as it is in 
pure Het. 

In conelusion it must be pointed out that, although 
the absence of superfluidity in He* shows that the 
lambda-transition in liquid He* is connected with the 
Bose-Einstein statistics, the theoretical explanation 
of the properties of liquid helium is far from eom- 
plete. No mention has been made of Landau’s (28) 
theory of liquid helium, which does not depend on 
statistics, but which, in some respects, is more suc- 
cessful than Tisza’s (4) theory in explaining the 
properties of He IT. Since Landau’s theory makes no 
distinction between He* and He‘, it seems desirable 
to remove the last vestige of doubt about a superfluid 
transition in He*® by investigating the flow properties 
of the pure liquid below 1° K. It is surprising that 
no experimental evidence has yet been found for 
nuclear alignment in liquid He*; additional informa- 
tion on this point ean be obtained by extending the 
melting curve below 0.5° K and by measuring the 
specific heat and heat of vaporization of the liquid. 

From the experimental comparison of the two iso- 
topic liquids, He* and He*, it would almost seem as 
though they were different elements, and it must be 
concluded that the statistical behavior of the atoms— 
Fermi-Dirae for He* and Bose-Einstein for He*—does 
indeed affect the macroscopic behavior. 
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News and Notes 


Scientists in the News 


Lowell Besley, professor of forestry and dean of the 
Forestry School at the University of British Columbia, 
has been named executive director—forester of the 
American Forestry Association, effective July 1. 


Robert W. Cairns, assistant director of research 
for the Hereules Powder Company, has been named 
vice-chairman of the Department of Defense Re- 
search and Development Board. He has been asso- 
ciated with the board since 1949 as a member of a 
panel of the Committee on Ordnance. 


Hans T. Clarke, professor of biochemistry at the 
College of Physicians and Surgeons, Columbia Uni- 
versity, gave the first A. J. Goldforb annual lecture, 
entitled “Fifty Years of Progress in Experimental 
Biology.” The series of publie lectures was endowed 
by former students and associates in honor of Dr. 
Goldforb, professor emeritus of biology, City Col- 
lege, New York. 


Robert L. Cushing has been named director of the 
Pineapple Research Institute of Hawaii. He has 
been assistant director since 1951, and acting diree- 
tor since June 1952. 


A seroll of appreciation was presented to William 
Dameshek for his teaching in hematology and his 
inspiring leadership over the past 25 years, by former 
and present associates on the oceasion of the Ad- 
vanced Course in Hematology at New England Center 
Hospital, Boston. 


William von E. Doering, Yale professor of chem- 
istry, who helped to synthesize quinine, will receive 
the $1000 American Chemical Society Award in Pure 
Chemistry in Los Angeles on Mar. 16. 


Hugo C. Duzan, William R. McCallum, and Thomas 
R. Todd have received the Highway Research Board 
Award, given annually for an outstanding technical 
paper. The selection was made for their paper “Re- 
cent Trends in Highway Bond Financing,” presented 
at last year’s annual meeting of the board, and pub- 
lished in the Proceedings. 


Ben Fisher has resigned as assistant director of 
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hematologic research, Michael Reese Hospital, Chi- 
cago, to accept the newly created position of clinical 
pathologist at Wayne County General Hospital, 
Eloise, Mich. 


George Gibson has been named acting chairman of 
the Chemistry Department at Illinois Institute of 
Technology during a nine-month leave of absence 
granted to Martin Kilpatrick, chairman. 


Rolf Gran-Olsson, of the Norwegian Institute of 
Technology in Trondheim, will be visiting professor 
at Brown University in the Graduate Division of 
Applied Mathematics for the spring semester. He 
will teach courses in advanced elasticity and methods 
of technical mechanics. 


Grayson L. Kirk, vice president and provost of 
Columbia University, has been named to succeed 
Dwight D. Eisenhower as president of the university. 
General Eisenhower became president-emeritus and 
trustee-emeritus, effective Jan. 19. 


George A. Kolstad has been appointed chief of the 
Physies and Mathematics Branch in the AEC’s Divi- 
sion of Research. Dr. Kolstad has been a physicist 
with the AEC in Washington sinee 1950. 


Cheng Chun Lee has joined Eli Lilly and Company 
as a pharmacologist in the Toxicology Department. 
Dr. Lee, a native of Youngchow, Kiangsoo, China, 
received his Ph.D. from Michigan State College last 
year. 


William S. Lohr, head of the Department of Civil 
Engineering, Paul B. Eaton, head of the Department 
of Mechanical Engineering, and Luther F. Witmer, 
of the Department of Metallurgical Engineering, 
will retire from the faculty of Lafayette College 
in June, each having served more than 30 years. 


Charles H. Mann has been appointed medical 
director of Bristol Laboratories Ine. For the past 
three years he has served as medical director for the 
Heyden Chemical Corp. 


Georg Masing, of the Institut fiir Allgemeine 
Metallkunde, Universitat Gottingen, has received the 
Institute of Metals (Platinum) Medal for 1953, for 
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contributions in the field of metallography. The in- 
stitute’s Rosenhain Medal for 1953 was awarded to 
Charles Eric Ransiey, of the Research Laboratories, 
British Aluminium Co., Ltd., for experimental and 
theoretical work on gas-metal equilibria. 


Harold S. Mitchell has been elected assistant vice 
president of Swift & Co. Mr. Mitchell, who has been 
with Swift for 40 years, will be succeeded by Herbert 
E. Robinson as director of laboratories. 


Rufus Oldenburger, chief mathematician of the 
Woodward Governor Company, recently gave a series 
of lectures at the University of Paris on mathematical 
engineering analysis. 


Jay F. W. Pearson, formerly executive vice presi- 
dent, has been appointed president of the University 
of Miami, succeeding the late Bowman F. Ashe. Dr. 
Pearson joined the university’s Department of Zovul- 
ogy in 1926 and helped to create teaching and research 
interest in marine biology in the Miami area. 


Sharat K. Roy, chief curator of geology at Chicago 
Natural History Museum, left recently for several 
weeks’ study of the now-dormant voleano, Paricutin, 
in Michoacan, Mexico. 


Calvin E. Schildknecht has joined the faculty of 
Stevens Institute of Technology, as an associate pro- 
fessor in the Chemistry Department, where, in addi- 
tion to undergraduate courses, he will teach a special 
graduate course in plastics. 


Richard M. Thomas, assistant professor of veteri- 
nary science at the University of Wyoming since 1949, 
has left for Palmer, Alaska, to assume the post of 
chief livestock sanitary official for the territory. 


Eugene J. Thompson, former associate medical di- 
rector of Winthrop-Stearns, has been appointed elini- 
eal director in the New Product Department of Vick 
Chemical Company. Dr. Thompson will devote half 
his time to Vicks and half to private practice and out- 
side research. 


V. A. Tiedjens, director of research, “Na-Churs” 
Plant Food Company, Marion, Ohio, has been awarded 
the Thomas Roland Medal by the Massachusetts 
Horticultural Seeiety, for leadership in all phases of 
vegetable culture. 


Kenneth C. Vincent has been appointed supervisor 
of extraction metallurgy at Armour Research Founda- 
tion of Illinois Institute of Technology. Dr. Vincent 
was formerly chief metallurgist for the Baroid Sales 
Division, National Lead Co., Houston, Tex. 


Heinrich Waelsch, of the New York State Psychia- 
trie Institute, received the 1953 Carl Neuberg Medal 
given by the American Society of European Chem- 
ists. Dr. Waelsch has done pioneering work on the 
biochemistry of the nervous system. 


Harry F. Weaver has been promoted from assistant 
chief to chief of the Coal-Mine Inspection Branch, 
Health and Safety Division, Bureau of Mines. 
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Education 


Bowman Gray School of Medicine of Wake Forest 
College and the North Carolina Baptist Hospital have 
established a medical foundation for the promotion 
of education, service, and research at the Winston- 
Salem Medical Center. Funds came through contri- 
butions from the professional staff of the school and 
hospital and friends of both institutions. 


University of Illinois College of Medicine has pro- 
moted Craig D. Butler to professor of pediatrics, 
and Benjamin M. Gasul and C. J. Harrison to clinical 
associate professors. 


New York University will create an Institute of 
Mathematical Sciences, of which David D. Henry 
will be administrative director and Richard Courant 
scientific director. The institute will consist of three 
divisions: Mathematics and Mechanics, Mathematics 
Research, and Computing Services—with a staff of 
about 120. An annual budget of $1,000,000 will be 
allocated to the work of the new program. 


Oak Ridge Institute of Nuclear Studies will offer 
its first advanced course in the industrial uses of 
radioisotopes (Apr. 20-May 1), an advanced course 
in autoradiography (June 15-26), and three basic 
radioisotope techniques courses (four weeks each, 
beginning June 8, July 6, and Aug. 10). In addition 
there will be a symposium on “Management Prob- 
lems in the Industrial Application of Radioisotopes,” 
Apr. 30-May 1. Full information may be obtained 
from the Special Training Division of the institute, 
P. O. Box 117, Oak Ridge, Tenn. 


The Social Science Research Council Summer Insti- 
tute in Mathematics will be held at Dartmouth College, 
June 22-Aug. 14. It will be supported by a grant 
from the Behavioral Sciences Division of the Ford 
Foundation. William G. Madow, Robert M. Thrall, 
Robert R. Bush, and Howard Raiffa will be members 
of the teaching staff. Application blanks (returnable 
by Feb. 9) and full information may be obtained from 
the council, 726 Jackson Pl, N. W., Washington 6, 
D. C. 


Yale University has entered into an agreement with 
the University of Hawaii and the Bernice P. Bishop 
Museum, Honolulu, for cooperative research in the 
Pacifie area. The Carnegie Corporation of New York 
has made a grant of $200,000 in support of the pro- 
gram. The two principal lines of investigation will 
include field studies by anthropologists, linguists, and 
archaeologists to determine the spread of native 
peoples and cultures, and by anthropologists, sociolo- 
gists, psychologists, and geographers to appraise the 
impact of Western civilization on the natives. The 
two universities will establish visiting lectureships, 
and a $4000 annual research fellowship will be offered 
by all three institutions. Direction will be under an 
executive committee composed of Paul Bachman, 
Alexander Spoehr, George P. Murdock, Harold J. 
Coolidge, and Leonard Mason. 
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Grants and Fellowships 


Central Scientific Company, 1700 Irving Park Rd., 
Chicago 13, Ill., will award two scholarships for 
graduate study in 1953-54 to students majoring in the 
physical sciences and engineering. Stipends will range 
from $1000 to $1500, and applications must be made 
not later than Apr. 15 to the Scholarship Committee. 


The Grass Trust for Research in Neurophysiology 
will provide up to two fellowships for work at the 
Marine Biological Laboratory at Woods Hole, Mass., 
this summer. They will carry stipends of $500-$1000, 
or two candidates may apply jointly to work together, 
with stipends of $500 each. Letters of application or 
requests for information should be sent to Robert S. 
Morison, Room 5500, 49 W. 49th St., New York 20, 
before Mar. 1. 


Ten fellowships will be awarded by the University 
of Illinois in the Colleges of Medicine, Dentistry, and 
Pharmacy. Stipends range from $1800 to $2400, 
and applicants need not have completed clinical in- 
ternships. Applications must be filed by Mar. 15 with 
Milan Novak. University of Illinois, 808 S. Wood St., 
Chieago 12, TIl. 


Deadline for entries in the competition for the 
Albert Lasker Awards for Medical Journalism is Feb. 
16. All newspapermen and magazine writers who 
have written medical or health articles during 1952 
are eligible and may obtain entry blanks and other in- 
formation from the Nieman Foundation for Journal- 
ism, 44 Holyoke House, Cambridge 38, Mass. 


The C. K. Leith Fellowship in Geology, carrying a 
stipend of $1200, is available at the University of 
Wisconsin for a graduate student whose major interest 
is in the field of mineral economies and resources. 
For full information and application forms, which 
must be filed by Mar. 22, write to the chairman of 
the Department of Geology. 


New York University Graduate Division of Public 
Service offers fellowships, with stipends up to $2400, 
scholarships covering full or part tuition, and assist- 
antships with stipends of $1200 plus tuition. All ean- 
didates must have completed work for the bachelor’s 
degree by June 1953 and applications must be filed 
by Mar. 16. William J. Ronan is director of the di- 
vision. 

A Scripps Fellowship (carrying a stipend of $2500 
for ten months) will be available in June for re- 
search at the Zoological Society of San Diego on a 
problem that will make use of available material 
and be of benefit to the zoo. Applications and in- 
quiries should be addressed to Glen G. Crosbie, Box 
551, San Diego 12, Calif. 


A Waksman-Merck Postdoctoral Fellowship in the 
Natural Sciences has been established at Rutgers Uni- 
versity by Merck & Co., in honor of Selman A. Waks- 
man. The award is $4000 for one calendar year, be- 
ginning July 1, and deadline for receipt of applica- 
tions is Mar. 1. 
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In the Laboratories 


The University of Arizona will establish a carbon 14 
age determination laboratory under the direction of 
Emil W. Haury. Technica! supervisor will be Edward 
N. Wise. The research will be supported by a $6000 
grant from Research Corporation, of New York. 


Armour Research Foundation has appointed S. 
Frederick Magis, steel technologist, to one of the 
Point IV projects of the International Division, with 
headquarters in Karachi. James D. Long, agricultural 
engineer, has been assigned to a Point IV project 
in India, and Howard D. Goodman, automotive tech- 
nologist is working in Pakistan to standardize bus and 
truck designs, set up mass-production systems, and 
train operators to teach handling, service, and main- 
tenance. Joshua N. Goldberg has been appointed an 
associate physicist at the foundation. 


Carborundum Metals Company, Inc., a new sub- 
sidiary of Carborundum Company, is building a 
$2,500,000 plant to produce zirconium and hafnium at 
Akron, N. Y. Production will be under a five-year 
AEC contract. 


New chemical research laboratories for the Funk 
Foundation for Medical Research, Inc., were dedicated 
recently in New York City. The laboratories are 
named for Casimir Funk, who will continue to direct 
studies on cancer, diabetes, asthma, arthritis, polio- 
myelitis, and mental ailments. 


A General Research Organization has been estab- 
lished for Olin Industries, Ine. It will conduct basic 
research and work with all eight Olin manufacturing 
divisions on long-range and specialized problems. 
Laboratories have been established at New Haven, 
Conn., and East Alton, Ill. The following research 
heads have been appointed: Herman Bruson, organic 
chemical; Melvin M. Johnson, Jr., armament; Hibben 
Ziesing, petrochemical; Robert L. Womer, new prod- 
ucts; and Osear J. Swenson, chemical engineering. 


National Research Corporation has appointed Milo 
P. Hnilicka, Jr., to the Chemistry Department, and 
George A. Sofer to the Applied Physics Department. 
Dr. Sofer has been a research assistant at MIT, and 
Dr. Hnilicka, who was in charge of development at 
the Czechoslovakian Motor Fuel Works at the time 
of the Communist coup d’état in 1948, later escaping 
with his family to the U. 8. Zone, was brought to 
the U. S. under the sponsorship of Hydrocarbon Re- 
search, Inc., in 1949. He has most recently been project 
development engineer for Carthage Hydrocol. Inc., at 
its Brownsville, Tex., plant, and will work at National 
Research on low-cost reduction of metallic titanium, a 
program jointly sponsored with Monsanto Chemical 


Company. 

Sterling-Winthrop Research Institute has appointed 
Frederick Coulston head of the Pathology Section. 
Since 1948 Dr. Coulston had been in charge of the 
Histopathology Laboratory of the Institute of Medi- 
eal Research of Christ Hospital, Cincinnati. 
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Meetings and Elections 


Anyone living in the vicinity of Springfield, Mass., 
who would like to attend meetings of the AAAS 
Springfield Chapter, should get in touch with P. H. 
Cinis, 73 Melha Ave., Springfield. 


A Conference on Nutritional Factors and Liver Dis- 
eases will be held under the auspices of the Section of 
Biology of the New York Academy of Sciences at the 
Barbizon-Plaza Hotel, Feb. 13-14. Session chairmen 
will be Klaus Schwarz, Charles 8. Davidson, J. F. 
Brock, Floyd 8. Daft, and Charles H. Best. Attend- 
ance is limited to those invited to participate and to 
academy members. 


The Institute of Radio Engineers has reappointed 
Haraden Pratt secretary, W. R. G. Baker treasurer, 
and Alfred N. Goldsmith editor. Appointed directors 
for 1953 were Ralph D. Bennett, William R. Hewlett, 
and Arthur V. Loughren. 


A Midwestern Conference on Fluid Mechanics wil! 
be held at the University of Minnesota Mar. 23-25. 
Thomas Baron, G. R. Eber, J. O. Hirschfelder, 
Arnold M. Kuethe, Franklin K. Moore, and Vito A. 
Vanoni are among the invited speakers, and in addi- 
tion about 35 contributed papers will be presented. 
R. Hermann, of the Department of Aeronautical En- 
gineering, University of Minnesota, is general chair- 
man, and E. Silberman, of St. Anthony Falls Hy- 
draulics Laboratory, Minneapolis, is program chair- 
man. The conference is sponsored by the American 
Physical Society, Fluid Dynamics Division, and local 
sections of the American Institute of Chemical Engi- 
neers, American Society of Civil Engineers, American 
Society of Heating and Ventilating Engineers, Ameri- 
can Society of Mechanical Engineers, and the Institute 
of Aeronautical Sciences. 


A Symposium on Air Pollution and its Control wil! 
be held at Wagner College, Mar. 7, under the auspices 
of the Department of Bacteriology and Public Health 
and the Borough President’s Committee for Air 
Pollution Abatement. Natale Colosi is chairman of 
the program, to which all interested individuals are 
invited. 


Miscellaneous 


The American Museum of Natural History and the 
R/W Maintenance Corporation, of Buffalo, N. Y., 
have released a 23-minute colored sound motion pic- 
ture entitled “Chemical Brush Control of Right-of- 
Ways. A Scientific Program of Vegetation Manage- 
ment.” The film demonstrates the botanical system 
of brush control developed by Frank E. Egler, of 
the museum staff, and may be obtained on loan from 
either organization for commercial or scientific 
showings. 


The British Columbia Research Council at the Uni- 
versity of British Columbia has made the following 


new appointments: Chemistry Division: H. Friede- 
berg, W. F. Gruber, H. G. Khorana, J. F. Smith, and 
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J. D. H. Strickland; Metallurgy Division: I. D. G. 
Berwick, J. G. Parr, and J. E. Srawley. 


The Department of Scientific and Industrial Research 
has issued reports on Fire Research 1951 (50¢) and 
Water Pollution Research 1951 (65¢). The former 
analyzes the cost of recent large fires in the United 
Kingdom and presents the results of research on spe- 
cial fire hazards. The latter gives special attention 
to the treatment of sewage and waste waters and 
reports at length on a detailed survey of the Thames 
estuary. Both pamphlets ean be purchased from 
British Information Services at Rockefeller Center, 
New York. 


Recent visitors from Tokyo at the National Bureau 
of Standards included Yoshitoro Miyoshi, Tokyo Shi- 
baura Electric Co.; Makoto Kizawa, Tanashi-machi, 
Kitatama-gun; Tetsune Tsubokawa, Geographical 
Survey Institute; Hiroshi Suzukawa, Canon Camera 
Co.; Sakae Fujiki, Radio Regulatory Bureau, Ministry 
of Postal Services; and Juichi Osawa and Yujiro 
Degawa, of the Nippon Electrie Co. Other Japanese 
visitors included Yoshia Nagamori, Fujikoshi Kosai 
Kogyo Co., Toyama; Takezo Sato and Shichihei Asa- 
kama, Tokyo Shibaura Electric Co., Yokohama; 
Tokunosuke Watanabe, .Osaka University; Tatsuo 
Hayashi, Radio Precision Corp., and Television So- 
ciety of Japan, Osaka. Visitors from other countries 
were Carlos de Miranda, Servico Especial de Saude 
Pubiica, Rio de Janeiro; John A. Cole, Mechanical 
Engineering Research Organization, Glasgow; F. B. 
Shorland, DSIR, Wellington, N. Z.; Chao-Tung Chen, 
National Taiwan University, Formosa; Johannes 
Steyn, South African Council for Scientifie and In- 
dustrial Research; and René Eyhéralde, Housing Re- 
search Center of the Pan-American Union, Bogota. 


Proceedings of the First International Symposium 
on Bacteriophage, held at Royaumont, France, in 
July 1952, became available in January, as Vol. 84 
of the Annales de VInstitut Pasteur. A limited num- 
ber of this special issue, edited by André Lwoff, is 
available from the Institut, 25 rue du Dr. Roux, 
Paris XV, at 1675 French fr. or $4.50. 


Chemicals wanted by the Registry of Rare Chemi- 
cals, 35 W. 33rd St., Chicago 16, IIl., include: cesium 
hydride; molybdenum oxydichloride; rubidium sul- 
fide; sodium fluotitanate; niobium pentafluoride; 
methionie acid; perfluorodecanoie acid; pentacosanic 
acid; 2-formyl-3-earboxyl pyridine; 2,3,4-trichloro- 
phenol; diphenyl-3,3’-dicarboxylie acid; oxine-5-car- 
boxylie acid; 2-mereaptoimidazole; alloocimene; 
phenazine methochloride; adamantane; camphoquin- 
one; glycyl-L-phenylalaninamide:; ergothioneine; and. 
furocoumarin. 


U. S. Rubber Company has appointed John Me- 
Gavack technical director of the Plantation Division, 
succeeding E. M. MeColm, who has been transferred 
to the General Laboratories in Passaic, N. J. 
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Technical Papers 


Selective Reduction of the Unsaturated 
Compounds: Deuterization of the 
Raney Nickel Catalysts 


N. A. Khan? ? 


Department of Physiological Chemistry, 

Obio State University, Columbus and 
Department of Scientific and Industrial Research, 
Karachi, Pakistan 


Experience with deuteration and hydrogenation of 
the unsaturated compounds (/, 2) has indicated that 
both processes are of the same nature and follow the 
same pattern of reactions. Apparently the catalysts 
reduce the differences in reaction characteristics of the 
two isotopes. As a result of these observations, it was 
deemed desirable to prepare deuterized Raney nickel 
for deuteration of the unsaturated compounds. In the 
present investigation, only those hydrogenation cata- 
lysts which are prepared free of alkali were used. The 
traditional catalysts, W-1 (3), W-2 (4), and W-3 (5) 
satisfy this requirement. Of these three, W-1 is the 
least active and therefore can be used for reduction of 
unsaturation without reduction of the ester group, but 
W-2 and W-3 are equally active in both cases. For 
these reasons, W-1 was used for reducing methyl 
stearolate to di-deutero-oleate and W-2 and W-3 were 
allowed to reduce 9, octadecyne to 9, 10-di-deutero- 
octadecene in order to determine the extent of deuter- 
ation. However, these catalysts may be employed for 
all types of deuteration, in the same manner as for 
hydrogenation (3-7). 

For deuterization, the catalysts were stored in puri- 
fied dioxane (8). Twenty-five g of Raney nickel (still 
wet with dioxane) were twice washed with 25 ml por- 
tions of dioxane by centrifugation. The catalyst was 
then transferred to a 250-ce modified reaction vessel 
(Fig. 1) of the Joshel hydrogenator (9) by washing 
it into the vessel with 50 ml of dioxane. Stopeock a 
just above the reaction vessel was closed, the main 
system evacuated, flushed with D, gas and then the 
reservoir of the apparatus was filled with 300 ml D, 
gas. Stopeocks b and c were opened and oxygen-free 
nitrogen was allowed to flush the reaction vessel. On 
closing stopeock-b a sufficient vacuum was applied 
through stopcock ¢ by means of a water pump to 
draw out the nitrogen gas with a minimum vaporiza- 
tion of the dioxane. Stopeock c was then closed and 
a was opened. The reaction vessel was filled with D, 
gas under a slight pressure, as indicated by difference 
in mereury level of 2.5 em in the manometer of the 
hydrogenator. Stopeock a was closed, and the catalyst 
was agitated in the presence of D, gas for 3 hr. The 


1 At present a research fellow at Hormel Institute, Austin, 
Minn. 

*The author wishes to thank F. FE. Deatherage and J. B. 
Brown, of Ohio State University, for their help during the 
progress of the work. 
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TO SYSTEM 


Fic. 1. Reaction vessel for deuterization. 


reaction vessel was again flushed with oxygen free 
nitrogen, and the above process was repeated five 
times. Then the vessel was again flushed, filled with 
fresh D, gas, and the catalyst was agitated for 24 hr. 
Nickel prepared in this manner was stored in brown 
bottles, filled with dioxane through which D, had been 
bubbled and to which a few ml of D,O had been 
added. These stored materials should be completely 
protected from oxygen, ordinary water, halogen, and 
sulfur compounds. Since W-2 and W-3 catalysts hold 
more hydrogen (7), it was necessary to agitate the 
catalyst for 3 hr in each of seven changes of D, be- 
fore the final 24-hr exposure. The deuterium analyses 
of the deutero compounds prepared by the different 
catalysts were very satisfactory, being in the range 
of 95-98 atoms per cent. : 

Future plans include investigation to determine the 
best ways to deuterize the alkaline catalysts, W-4 (5, 
10), W-5 (11), and W-7 (11), es well as the alkali- 
free catalyst W-6 (11), which contains the greatest 
amount of hydrogen. Deuterium content of the gases 
held by the individual catalysts will be investigated 
by mass spectrographic analysis. The preparation of 
these deuterized catalysts will facilitate deuteration 
and deuterolysis of organic compounds that may be 
used as “tracers” in both the chemical and biological 
reactions, 
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Serial Position Curves in Verbal Learning 


John W. McCrary, Jr., and Walter S. Hunter 


Psychology Department, 
Brown University, Providence, Rhode Island 


When a list of nonsense syllables is learned by a 
subject under conditions that require him to recall the 
following syllable as each one of the series is pre- 
sented, it is found that the syllables in the middle of 
the list are learned more slowly than are those at the 
two ends, and that in general the initial syllables are 
learned more rapidly than are the final ones. When 
the results are plotted in terms of mean number of 
errors made at each serial position during learning, 
the graph has the-form shown in Fig. 1. 

Of the various theories proposed in explanation of 
the relatively slow rate at which the middle of the 
series is learned, that of Lepley (7) and Hull (2) has 
been the most ingenious and perhaps the best sub- 
stantiated. The Lepley-Hull theory is that the .bow- 
shaped serial position curve results from the large 
number of inhibitory processes present in the middle 
of a series of responses. It is known that during 
learning each syllable becomes associated not only 
with adjacent but also with remote syllables, so that 
both near and remote excitatory tendencies are set 
up. Progress toward mastery of the list involves a 
strengthening of the near excitatory tendencies and 
the weakening (or control) of the remote ones to the 
point where, when a given syllable is presented, the 
subject will report the next following syllable and 
not one farther along in the list, or none at all. A 
simple diagram can be constructed to show that re- 
mote excitatory tendencies pile up in the middle of 
the list. Proceeding from this point, an analogy is 
drawn between serial learning and conditioning. It 
is held that each succeeding syllable in the series be- 
comes conditioned to the traces of preceding syllables 
so that remote associations are viewed essentially as 
trace-conditioned responses. Final mastery is attained 
as a result both of the building up of internal in- 
hibitions of the trace responses and of the strength- 
ening of near excitatory tendencies. Inasmuch as the 
trace response tendencies are most numerous in the 
middle of the series, the inhibitory tendencies must be 
concentrated in the same location, to the relative 
neglect of the two ends. Many observations, particu- 
larly on the spontaneous recovery of extinguished. re- 
sponses, support the view that inhibitory tendencies 
dissipate more rapidly with the lapse of time than do 
excitatory tendencies. One can therefore make experi- 
mental tests of the effects of various manipulations 
of the time variable upon the serial position curve, 
looking for results that may or may not support the 
inhibition theory. 

The most significant data on the serial position curve 
with respect to this theory come from experiments on 
massed vs. distributed practice and on changes in the 
rate of presentation of the syllables. In massed learn- 
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ing, practice periods follow one another with little 
or no rest between the periods, whereas in distributed 
learning there are rest periods of varying lengths at 
the close of each practice period. Within limits, dis- 
tributed practice results in quicker learning than does 
massed practice. The inhibition theory predicts that 
the lapse of time involved in the rest periods of dis- 
tributed practice will result in a relative loss of in- 
hibitory tendencies and that, therefore, the serial po- 
sition curve for distributed learning when compared 
with the massed learning curve will show a decrease 
in errors at each position but with the largest decrease 
in the middle portions of the curve, where the inhibi- 
tory effects have been greatest. Similar predictions 
are made for the effects of varying the rate at which 
syllables are presented, since, with a slow rate, inhibi- 
tory tendencies may be expected to dissipate more 
rapidly than with a faster rate of presentation. 
Patten (3) and Hovland (4, 5) have conducted ex- 
periments of the above type. The upper half of Fig. 
1 shows the essential results secured by Hovland (one 
of many experiments) when subjects learned a list of 
14 syllables presented at a rate of 1 syllable each 2 
sec. In the distributed practice series, there was a 
rest interval of 2 min 6 see between successive pre- 
sentations of the list, whereas in the massed practice 
series the rest period was only 6 sec. The decrease 
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in mean errors brought about by distributed practice 
shows up at all serial positions, but it is greatest in 
the middle of the series, as predicted by the inhibition 
theory. In another experiment, Hovland compared the 
serial position curves for the learning of 12-syllable 
lists under conditions of massed vs. distributed prac- 
tice, using 2-see and 4-see rates of presentation per 
syllable. The mean number of errors per serial posi- 
tion under these various conditions is shown in the 
upper half ot Fig. 2. Again there is evident a marked 
decrease in mean errors when distributed practice is 
compared with massed practice, with the greatest de- 
crease in the central portion of the curve. The change 
from a 2-see to a 4-sec rate of presentation has little 
effect under conditions of distributed practice, but a 
significant effect in massed practice. 

The curves in the lower halves of Figs. 1 and 2 
show the serial position curves of the upper halves of 
the figures plotted in percentages, with the mean 
errors at each position expressed as a percentage of 
the total mean errors made under a given practice 
condition. (Since we did not have access to Hovland’s 
original data, the values are computed either from his 
eurves or from his tables. In either case any errors 
in the caleulations would be small.) The striking fea- 
ture of the percentage plots is that there is essentially 
no difference in the curves for the different conditions 
of learning. This is also true for the percentage plots 
we have made of the data in eight other investigations 
by various authors. In all cases there was practically 
complete identity of the percentage serial position 
eurves for the greater and lesser conditions of effi- 
ciency within a given experiment, with a rare maxi- 


132 


mum difference of 3.5% for a given serial position. 

The reason for plotting percentage mean error 
eurves is as follows, stated in terms of the experi- 
ment on massed vs. distributed practice: Since dis- 
tributed practice is more efficient than massed prac- 
tice, fewer errors are made during learning under the 
former than under the latter condition. Graphs of 
mean errors per syllable position, therefore, must give 
two curves which differ in their ordinate values much 
as is the case in Fig. 1, irrespective of the explana- 
tory theory being investigated. When the absolute 
mean error curves are equated for area by plotting 
them in percentage terms, any essential differences in 
form are observable. The percentage curves of Figs. 1 
and 2 show that the several serial positions have the 
same order of relative difficulty under the more and 
the less efficient methods of learning. From the stand- 
point of the Lepley-Hull inhibition theory, the per- 
centage curves are more significant than the mean 
error curves, since they show that the reduction of 
errors brought about by the introduction of elapsed 
time intervals occurs throughout the series in pro- 
portion to the total errors made and in the same over- 
all manner as where no elapsed time is introduced. 
This does not prove the inhibition theory, but it is 
consistent with it. 

In a further attempt to throw light on the serial 
position curve and on the relevancy of the inhibition 
theory, we have conducted an experiment on the 
serial learning of 14 nonsense syllables vs. 14 familiar 
names (an initial eue item was added to each list) by 
the conventional anticipation method counterbalane- 
ing the two series. In order to balance out any un- 
evenness in difficulty of the specific items, each sub- 
ject entered the list at a different point so that, for 
example, the syllable or name in serial positions 3 and 
4 for one subject would be in positions 4 and 5 for 
another subject. The items were presented at a 2-sec 
rate, with the intertrial interval set at 8 see. Learning 
was completed in one session, massed practice, to a 
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criterion of one correct anticipation of each syllable 
in the course of one trial. The association values of 
the syllables were from 0 to 3% according to Hull’s 
calibration (6). The names were the family names of 
the 16 graduate students who served as subjects and 
who, at this time, were well acquainted with each 
other. The mean number of trials required for learn- 
ing the syllables was 39 and for learning the names, 
11. 

Fig. 3 gives the serial position curves for syllables 
and names plotted in terms of mean errors, and Fig. 
4 replots the same data in terms of the percentage of 
total errors made at each serial position. Again it is 
to be noted that (1) the enrves are the familiar bow- 
shaped ones current in the literature, (2) the greatest 
gain in efficiency occurs in the middle of the series or 
just past the middle, and (3) the percentage plots 
are essentially identical. Items 2 and 3 above were 
brought about by the use of familiar names vs. non- 
sense materials as the material to be learned and not 
by the introduction of elapsed time, which might 
allow for a decrease of inhibitory tendencies as pre- 
dicted by the Lepley-Hull theory. 


% TOTAL ERRORS 


SERIAL POSITION 


Fie. 4. 


The 16 subjects of the above experiment were classi- 
fied as quick or slow learners on the basis of being in 
the upper or lower half of the group in total errors 
made during learning. The upper half of Fig. 5 pre- 
sents the serial position curves for these two groups 
in learning familiar names as described above, and 
the lower half gives the curves on a percentage basis. 
Similar curves were found for quick vs. slow learners 
in the nonsense syllable learning of these 16 subjects, 
as well as in the experiment (not here reported) with 
48 subjects in the learning of familiar and unfamiliar 
nonsense syllables. 

The general conclusions from the above experiments 
and analyses are as follows: (1) Any experimental 
condition which increases the efficiency of serial verbal 
learning and which thereby decreases the total number 
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of errors made will result in a serial position curve 
of mean errors which lies below the curve for a less 
efficient method of learning. (2) The reduction in 
mean errors per serial position, although greatest in 
the middle or just past the middle of the series, will 
be closely proportional at each position to the total 
number of errors made. It is in no sense surprising 
that, when one changes from a less to a more efficient 
method of learning, the greatest reduction of errors 
will oceur in the central serial positions. This is not a 
confirmation of the inhibition theory but merely an 
evidence of the fact that significant gains in efficiency 
ean only occur where serious errors have been made— 
namely, in the central part of the series. It is surpris- 
ing, however, that the gains under a more efficient 
learning method should be as proportionately distrib- 
uted as the percentage curves indicate. 

The theoretical problem still remains of explaining 
why the serial position curves for verbal learning are 
bow-shaped. We ean offer no solution ourselves, al- 
though we believe that a multiple- rather than a sin- 
gle-factor theory will finally be indicated. The Lepley- 
Hull inhibition theory is plausible only under the con- 
ditions diseussed above, where lapses of time were in- 
troduced into the learning process. In order to rank 
as an adequate general theory it would need to be 
shown that any condition which increased the effi- 
ciency of serial verbal learning (including meaning, 
familiarity, and quick learning ability) decreased pro- 
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portionately the inhibitory tendencies postulated in 
connection with the various serial positions. 
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An Electromagnetokinetic Phenomenon 
Involving Migration of Neutral Particles* 


Alexander Kolin? 
University of Chicago, Chicago, Illinois 


Electrically neutral particles migrate in a magnetic 
field traversed by an electric current. The migration 
is perpendicular to the current and to the homogeneous 
magnetic field that is maintained at right angles to 
the current. If the electrical conductivity of the par- 
ticles exceeds that of the surrounding conductive fluid, 
the particles migrate in the direction of the force ex- 
erted in the magnetic field upon the current. Particles 
of lesser conductivity than that of the surrounding 
fluid migrate in the opposite direction, whereas par- 
ticles experience no force if their electric conductivity 
is equal to that of their environment. 

The force of gravity, as well as the force of buoy- 
ancy exerted upon a suspended body, can be neutral- 
ized. For instance, an air bubble will not rise in acidu- 
lated water placed in a horizontal magnetic field of 
10,000 oersteds traversed by a perpendicular hori- 
zontal eurrent of 1 amp/em?. 

Explanation of the effect. This effect is due to the 
establishment of a pressure gradient (analogous to 
the hydrostatic pressure gradient in the gravitational 
field) in an enclosed conductive fluid traversed by a 
homogeneous electric current and a homogeneous mag- 
netie field perpendicular to that current. Each volume 
element of the fluid experiences a force perpendicular 
to the magnetic field and to the current of the mag- 
nitude 


aF = (1) 


where » is the magnetic permeability of the fluid, 
H the magnetic field strength, j the current density, 
and dV the fluid volume element. The force upon a 
finite volume V of arbitrary shape is 


F = f(pHj)dV = (uHj)V. (2) 


The expression (Hj) corresponds to the specific 
weight in the hydrostatic analogy, and the force F to 
the weight of the volume (“electromagnetic weight,” 
EMW). Since the fluid element V remains at rest 
1 This work has been supported by a grant from the Abbott 
Memorial Fund of the University of Chicago. 
*The author wishes to thank BE. M. Gelbard for many 


stimulating discussions and G. E. Backus for a critical read- 
ing of the manuscript. 
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despite the action of the force F, we conclude that 
an equal and opposite force is exerted upon it by the 
surrounding fluid. This force is comparable with the 
buoyancy in our hydrostatic analogy, being a conse- 
quence of the pressure field set up in the fluid by the 
interaction of the current with the magnetic field. We 
shall refer to this force as “electromagnetic buoyancy” 
(EMB). If the volume element V is occupied by a 
substance the electrical conductivity of which differs 
from that of the surrounding fluid, EMW ~ EMB and 
the immersed body experiences an unbalanced force. 
In this case, however, a streaming of the fluid is 
engendered around the immersed object so that the 
hydrostatic forces alone do not suffice for a complete 
description of the effect. The following treatment is 
an approximation in which hydrodynamic effects are 
neglected. 

Estimate of the force upon a sphere. The EMW of 
a sphere of conductivity o,, immersed in a fluid of 
conductivity o, of infinite extent traversed by a homo- 
geneous magnetic field and a perpendicular homo- 
geneous electric current, can be estimated easily as 
follows: Maxwell (Treatise on Electricity and Mag- 
netism, par. 313) has shown how to compute the elec- 
trie field inside a sphere of conductivity o, submerged 
in a fluid of conductivity o, in which a homogeneous 
electric field of intensity F, is maintained. The elee- 
trie field inside the sphere (Z,) is homogeneous and 
is given by the expression 

302 
E,=E, (3) 

The external field in the vicinity of the sphere is not 
homogeneous. Eq. (3) is valid strictly only if the 
sphere is negligibly small as compared to the extent 
of the surrounding fluid. 

Eq. (3) can also be written as follows: 


3 


Since E,o, = j, and E,0, = j, are the current densities 
inside the sphere and in the medium, respectively, we 
obtain for the current density. inside the sphere 


3a, 
ji = Je (4) 
According to Eq. (2) the EMW of the sphere is 
30, 
F’ = (5) 


If we assume for the EMB exerted upon a submerged 
volume V the force (F”’) given by Eq. (2) we obtain 


= (2a) 
Thus, we can write: 
30; 


The resultant foree upon the sphere is 


30, ) 
F=F’-F*=F”" 


62) 
= | —— 
[ 20. +O; 


(6) 
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In general, assuming 6, = no,, we can write: 


262 n+2 
From this equation we can determine the resultant 
force for various special cases. For instance: For a 
dielectric sphere 6,=0, so that n=0,/0, vanishes in 
Eq. (7). Thus, we obtain 


F=-pHjV (8) 
as the expression for the magnitude and direction of 
the electromagnetic buoyancy. For a metallic sphere 
in an electrolytic fluid we can, in most cases, consider 


o 
6, negligible as compared to o,, so that n =a 1. In 
2 


this instance we obtain the approximation 
F=2yHj.V. (9) 
In the case of living cells, the conductivity com- 
monly differs but little from that of the environ- 
ment; we can then assume in Eq. (6) 6, ~ 6,=06, and 
Ao=6,-—6,¢6. We thus obtain the following ap- 


proximation : 
wie 
={—)2 V. 
F pj, 


The preceding calculations do not represent an ex- 
haustive treatment but merely an approximatioh 
which, in some cases, agrees quite closely with ex- 
perimental data. A complete theory should take into 
account the following factors: distortion of the elee- 
tric and magnetic fields caused by the inhomogeneities 
in o and p» introduced by the immersed body; changes 
in the hydrostatic pressure distribution, as well as 
streaming of the liquid caused by these field distor- 
tions; and, finally, the effect of the magnetic field 
upon the current distribution and electrolyte con- 
centration. ; 

Experimental determination of the force exerted 


(10) 


DYNES 


FORCE 


iL 
2.0 
VOLUME 
Fic. 1. Force exerted upon a glass sphere as a function of 
the volume of the sphere. The straight line represents pre- 
dicted values; the circles indicate points determined experi- 
mentally. 
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Fic. 2. Refraction of electric current lines. Distribution of 
current density (A) for a sphere with conductivity equal to 
that of its environment, (&) for a sphere of lower conduc- 
tivity, (C) for a sphere of higher conductivity. In all cases 
shown the current density inside the sphere is uniform. It is 
decreased in case (B) and increased in case (C) as compared 
to j outside the sphere. 


upon a sphere. Fig. 1 illustrates the agreement be- 
tween the prediction (Eq. [8]) and experimental 
determination of the force exerted upon glass spheres. 
The spheres wére suspended from a balance arm in 
a solution of copper sulfate, through which a hori- 
zontal current was passed (j=0.146 amp/em*) at 
right angles to a horizontal magnetic field (H = 1857 
oersteds). The straight line represents the predicted 
EMB. The cireles indicate experimentally obtained 
points. The experimental values of the force agree 
with the predicted values within the limits of experi- 
mental error. 

The checking of Eq. (9) by suspending metallic 
spheres in an electrolytic solution is much more diffi- 
eult. A copper sphere, for instance, suspended in a 
solution of CuSO,, experiences a force in the pre- 
dicted direction—namely, opposite to the foree ex- 
erted upon a glass sphere. But the magnitude of the 
force does not remain constant. Rather, it drops to 
zero within a few seconds for a current density of 
0.5 amp/em*, A sustained force can be obtained using 
a zine sphere in an acidulated solution of ZnCl,. The 
value found fluctuates, however, about 60% of the 
value predicted by Eq. (9). The results obtained with 
Cu and Zn may be due to an electrolytic “fatigue 
effect” of the following kind.’ Fig. 2 shows the ecur- 
rent distribution (A) in the case of a sphere with con- 
ductivity equal te that of the surroundings (F =0), 
(B) for a sphere of lesser conductivity than the en- 
vironment, and (C) for a sphere with conductivity 
exceeding that of the surrounding fluid. Electrochem- 
ical processes on the surface of the sphere (such as 
liberation of gas) which tend to change the current 
distribution from the one pictured in Fig. 2 C to that 
of Fig. 2 A would tend to diminish the force exerted 
upon the sphere. The fatigue effect would be greatest 
in the region of the highest current density. 

Transport of neutral bodies. The migration of bodies 
suspended in a conductive fluid can be demonstrated 
quite effectively by suspending mustard seeds and 
whitefish eggs in a concentrated solution of sucrose 
containing a small amount of an electrolyte. When 


8 Pffects of electrolytic processes upon the current distri- 
bution in metallic bodies submerged in current-carrying elec- 
trolytes have been described by J. Stark (Ann. Physik, 66, 
245 [1898]). He found that polarization may cause a redis- 
tribution of currents entering the metallic body. 

4In order to maintain the seeds and eggs in suspension, a 
density gradient was created by pouring a solution free of 
sucrose on top of the sucrose-electrolyte solution. 
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TABLE 1 


Radius in em Terminal speed in em/sec 


10“ 10* 
10° 10° 
10* 1 

10% 10? 


the conductivity of the solution is less than that of 
the fish eggs, one can see the eggs and the seeds mi- 
grate in opposite directions with a speed of the order 
of magnitude of 1 em/see at a current density of 0.1 
amp/em? in a magnetic field of about 2000 oersteds. 
Their direction of migration can be reversed by re- 
versing the electric current or the magnetic field. The 
direction of migration of the fish eggs coincides with 
the direction of the force exerted upon the current. 
The direction of this migration can be reversed by 
increasing the conductivity of the solution sufficiently. 
Table 1 shows computed values of the velocity of 
migration of nonconductive spheres of different sizes 
in an aqueous electrolytic solution in a magnetic field 
of 5000 oersteds at a current density of 1 amp/em?*. 
The figures were obtained by substituting the value 
of F given by Eq. (8) in Stokes’ law, 
F = (11) 
We obtain 


(12) 


for the terminal velocity of a sphere of radius R (j is 
measured in amp/em?’, and in Table 1 » is assumed 
to be = 10° poise). 

The observation of the migration of microscopic 
particles is much more difficult than that of macro- 
scopic ones. This is mainly due to the difficulty of ob- 
taining a perfectly homogeneous magnetic field. A cir- 
culation that drags mostly the smallest particles along 
is engendered in the electrolytic cell if the magnetic 
field throughout it is not sufficiently homogeneous, 


or if the current density is not uniform. A simple, 
satisfactory cell for microscopic observation can be 
made by drilling a narrow channel into lucite and 
sealing it at both ends with screws, which serve as 
electrodes. Placing such a cell vertically in the gap 
of a magnetron magnet, one can easily observe and 
measure the speed of migration of commercially ob- 
tainable polystyrene spheres of the order of magni- 
tude of 10°? em in diameter. 

Effect of shape and orientation of suspended bodies. 
A rigorous calculation of the force exerted upon the 
submerged body would be difficult to carry out, except 
for a few special cases of favorable shape and orien- 
tation. A complicating factor is the evaluation of the 
effect of the electromagnetically engendered streaming 
of the fluid upon the immersed body. So far, the 
effects of shape and orientation have been investigated 
in a purely experimental fashion. 

Fig. 3 shows how the current distribution in the 
ease of a sphere of higher conductivity than its en- 
vironment (shown in Fig. 2 C) is altered when the 
sphere is distorted into a prolate (Fig. 3 A) or an 
oblate spheroid (Fig. 3 B). In the former case the 
excess of the current density inside the body over its 
value in the surrounding fluid is larger than for a 
sphere (Fig. 2 C), whereas in the latter case it is 
smaller. This excess becomes vanishingly small for a 
disk the thickness of which is negligible as compared 
to its diameter (Fig. 3 C). In this case the refrac- 
tion of the current lines can be disregarded except 
near the edges of the disk (not shown in the figure). 
Since the current density inside the disk is nearly the 
same as in the surrounding fluid, we expect the force 
to be vanishingly small. This is confirmed by experi- 
ment. The force upon a Zn disk of R=0.65 em and 
thickness h = 0.23 em immersed in a solution of ZnCl, 
was found to be imperceptible when oriented as de- 
seribed above.5 When the disk was rotated through 


5 The fact that the diameter of the disk was not small as 
compared to the diameter of the vessel containing the fluid is 
partly responsible for the smallness of the observed force. 
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Fi6. 3. Effect of shape upon the current density inside an immersed body for ¢, >,. In all cases shown above the current 
density inside the body is uniform. (A), prolate spheroid: The current lines are strongly refracted at the boundary of the 
spheroid. The current density inside is greatly increased over the value outside the spheroid. (B), oblate spheroid: The in- 
ternal current density is only slightly increased. (C) Infinitely wide disk (lateral view) : No refraction of current lines. Cur- 


rent density inside the disk is the same as outside. 
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TABLE 2 
© Be BE 
£ st 
i=) os of 
Bakelite 
disk 155 0.3 
\H and 1j 16.1+1.0 15.5 
igamd 1H 12.0+1.0 15.5 
Bakelite 
eylinder 0.53 2.12 
igand 1H 13.3+05 12.8 
LH and 1j 94+05 12.8 
\H and 1j 1.1+05 12.8 


90° so that the magnetic lines of force entered its 
circular faces at right angles, a force F=49.0 dynes 
was exerted upon it. The force computed from Eq. 
(9) for a metal sphere of equal volume under the 
same conditions is 16.7 dynes. In the latter position 
the disk experiences a torque that tends to set its 
cylinder axis parallel to the current. 

With an elongated Zn cylinder, with dimensions 
L=1.70 em, 2 R=0.21 em (similar to a of Fig. 3), 
suspended in a solution of ZnCl,, the following re- 
sults were found: (a) When the long side is oriented 
parallel to the current, F =41.0 dynes; (b) when the 
long side is oriented parallel to the magnetic field, 
F=0. Force computed for a metal sphere of this vol- 
ume, F' = 3.88 dynes. 

We see that the force in ease (a) greatiy exceeds 
the foree upon a sphere of equal volume, whereas in 
ease (b) it vanishes. The cylinder experiences a torque 
orienting its axis parallel to the magnetic field, about 
which it persistently oscillates. 

Similar experiments were carried out with dielec- 
tric disks and cylinders. Table 2 illustrates the be- 
havior of a disk and of a cylinder at H = 1857 oersteds 
and j= 0.146 amp/em*. 

Table 2 shows that, for certain orientations of the 
eylinder and of the disk, the force is the same as upon 
a sphere of equal volume, whereas for others the dis- 
crepancy may be quite large, as indicated most strik- 
ingly by data on the last line. 

The dependence of the force upon the shape and 
orientation is of importance in considering migration 
of nonspherical bodies. Such bodies tend to be ori- 
ented || H or 1 H in a liquid even at j=0 if their 
magnetic permeability differs from that of the liquid 
medium. In addition, we have the orienting torque 
referred to above at j = 0. 

Use of alternating fields. In order to avoid undesir- 
able electrochemical reactions at the electrodes and 
at the interface between the solution and the sus- 
pended particles, alternating currents have been used 
in conjunction with an alternating magnetic field. It 
is desirable that the current be as nearly as possible 
in phase with the magnetic field. In this case the force 
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will not reverse direction as the magnetic field and 
the current do so. A reversal of the phase of the ecur- 
rent or of the field reverses the direction of migration 
of the particles. 

Some possible uses of this effect. Among the pos- 
sible applications of this effect might be mentioned 
the separation of particles of nearly equal density 
but distinctly different electrical conductivity; for in- 
stance, cells of different tissues, algae, bacteria, and 
possibly viruses. In the ease of two kinds of cells 
of different conductivity, by adjusting the condue- 
tivity of the surrounding fluid to an intermediate 
value, the two species can be made to migrate in op- 
posite directions. Particles of different shapes (e.g., 
spherules, rodlets, and platelets) may be separated 
even when their densities, volumes, and electrical con- 
ductivities are the same. 

The electrical conductivity of irregular bodies and 
of microscopic particles may be measured by finding 
the conductivity of a solution in which they experi- 
ence no electromagnetic force. This offers the possi- 
bility of measuring the electrical conductivity of vari- 
ous tissues and of isolated living cells. The electrical 
stimulation of the cells could be avoided by using 
alternating fields and currents of sufficiently high 
frequency. Such observations of variation in the 
electrical conductivity of active cells would be of in- 
terest in studies of changes in cell membrane perme- 
ability in response to various stimuli. Similar electro- 
magnetic forees should be observable in high-fre- 
quency electromagnetic fields with suspensions in di- 
electric media. 


Manuscript received June 26, 1952. 


*The use of high frequencies would also be desirable for 
the purpose of minimizing cell membrane impedance in meas- 
urements of the cell resistance. 


Intra-Ocular Hemorrhagic Reaction Induced 
by Ectoplacental Trophoblast in 
Hypophysectomized Mice 


Clifford Grobstein and Robert O. Scow 


National Institutes of Health, 
USPHS, Bethesda, Maryland 


Tubal eggs, whole blastocysts, or isolated ectopla- 
cental trophoblast of the mouse will produce a vigor- 
ous hemorrhagic reaction when implanted into the 
eyes of immature or adult animals of either sex (1-3). 
The oceurrence of the reaction in immature and male 
animals indicates that it does not have the same hor- 
monal requirements as the marked endometrial hy- 
peremia occurring at the normal implantation site. 
The question may be asked, however, whether the 
reaction has some other hormonal background that 
would be disrupted by hypophysectomy. 

The ectoplacental region of 8-day C x C3H mouse 
embryos (early somite stages) was implanted into the 
right eye of 18 hypophysectomized and 10 normal 
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C x C3H males. Hypophysectomy was performed at 
8 weeks of age, and implants were made 6, 21, and 35 
days later into groups of 8, 5, and 5 hypophysectom- 
ized and 5, 3, and 2 control animals, respectively. All 
animals were weighed on the day of hypophysectomy 
and weekly thereafter. Operated animals lost approxi- 
mately 15% of their weight during the first week. 
Subsequently, their weight appeared to stabilize for 
2 weeks and then declined slowly for the remainder of 
the experimental period. Total extirpation of the 
pituitary gland was achieved in all operated mice, as 
ascertained by visual inspection (x9 magnification) 
of the sella turcica and adjacent tissues, and by body 
weight data on individual animals. * 

The reactions of operated and control groups to the 
trophoblast implant were indistinguishable. In all 
groups intra-ocular hemorrhage appeared by 48 hr, 
and the reaction continued to what has been charac- 
terized as the ++ level; i.e. the whole eye became 
dark-red and protuberant, frequently rupturing at 
the incision site. In animals held longer than 7-10 
days the reaction appeared to regress as previously 
described (3). 

It is concluded that the intra-ocular hemorrhagie re- 
action to ectoplacental trophoblast in the mouse is 
independent not only of the particular hormonal con- 
ditions oceurring in the female at the time of normal 
implantation but, since it occurs in full strength in 
animals 35 days after hypophysectomy, is indepen- 
dent of all hormonal background dependent upon 
pituitary function. 
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Amino Acid Content of Dehydrated 
Giant African Snails (Achatina 
fulica Bowdich)* 


Albert R. Mead and Arthur R. Kemmerer 


Department of Zoology and Department of Nutrition, 
University of Arizona, Tucson 


As a part of a plan to make a constructive approach 
to the serious problem of the giant African snail 
(Achatina fulica Bowdich) in the islands of the Pa- 
cific, assays of the essential amino acids were made 
to determine the possibility of using “snail meal” as 
a source of animal protein in the feeds of poultry and 
livestock. To our knowledge, no other tests of this 
nature have been made on this mollusean pest, al- 
though van Weel (7), and more recently Garnadi 
(2), have made tests to determine percentages of some 
of the basic chemical constituents. 

The snails were collected alive in the field and sub- 


2This work has been supported in part by a grant-in-aid 
from the Sigma Xi-Resa Research Fund. 
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TABLE 1 
AMINO AcID CONTENT OF GIANT AFRICAN SNAIL 
Lot C Lot D Lot E 
Protein content 
9.9 64.9 61.6 

SS SS SE KE KE KE 
Arginine 6.46 9.24 8.60 13.25 4.07 6.61 
Histidine 0.96 138 102 157 0.99 1.62 
Isoleucine 3.15 4.51 3.65 5.62 2.83 4.59 
Leucine 3.43 491 3.77 581 4.64 7.53 
Lysine 5.97 8.54 648 9.98 3.45 5.60 
Methionine 0.70 0.99 O84 129 .9.72 1.17 
Phenylalanine 2.58 3.69 2.24 344 243 3.94 
Threonine No values No values 2.565 4,30 
Tryptophan 0.38 0.61 
Valine 2.97 4.25 3.16 487 3.18 5.16 


merged in boiling water just long enough to remove 
the soft parts from the shell. The carcasses were then 
dehydrated at moderate temperatures and reduced to 
a fine meal or powder in a Wiley mill. Amino acid as- 
says of this meal were made by procedures previ- 
ously reported by Kemmerer and Acosta (3).2 The 
results of these assays are given in Table 1, with 
the percentages of the amino acids being shown in 
terms of both the snail meal sample and the total 
protein content of the snail meal. Unfortunately, sam- 
ples were not large enough in Lots C and D to deter- 
mine percentages of threonine and tryptophan. 

It will be seen that the values of ‘Lots C and D 
compare quite favorably. In Lot E, however, three of 
the amino acids show significant departures in their 
values—viz., arginine, leucine, and lysine. Several fae- 
tors may enter into a possible explanation of these 
differences. Specimens in Lot E were collected jn 
Kaneohe, Hawaii, by Philip W. Weber, of the Board 
of Agriculture, in April 1952 and kept in close con- 
finement for a number of days without food or water. 
Snails kept under such conditions will very often 
suffer dietary deficiencies which may possibly be re- 
flected in alterations in the normal basic values of 
constituent amino acids. Unfortunately, the paucity 
of research work in the metabolism of terrestrial gas- 
tropods does not permit us to determine whether pos- 
sible starvation or malnutrition could effect a reduc- 
tion in the levels of arginine and lysine and an 
increase in leucine. Specimens in Lots C and D, on the 
other hand, were collected in the Palau Islands (Ngar- 
malk Island and Ngerebeched, Koror Island, respec- 
tively) by Peter J. R Hill in April 1950 and were 
killed and dehydrated as quickly as possible. Dehy- 
dration was accomplished in an improvised plant 
dryer at a temperature, maintained by a large electric 
light bulb, held close to 160° F. Yoshio Kondo, of the 
Bishop Museum, dehydrated the Hawaiian specimens 


2 Grateful acknowledgment is made to Judith Heimann, who 
made these determinations. 
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at a slower rate and at lower temperatures through 
the alternate use of sunlight and an improvised elec- 
trie plate oven. 

Because any difference in the environment will be 
reflected in the food and therefore the nutrition, this 
fact will continue to remain as a possible explanation 
for the differences between the lots from Hawaii and 
the Palau Islands. 

At the height of reproductive activity, the albumen 
gland of the female conduit in these hermaphroditic 
animals may become so large that it actually exceeds 
the size of the liver or digestive gland. Because of 
the proteinaceous nature of albumen, the hypertrophy 
of this gland is almost certain to produce changes in 
the amino acid ratios. 

A comparison of the values for Lot D with those 
of Dunn (4) indicates that arginine is nearly 213 and 
lysine over 144 times the amounts in whole egg. All 
other values, although appreciable and significant, fall 
below the values for whole egg. Similar analvsis of 
cottonseed meal (5) shows that its value as a poultry 
and livestock feed‘is limited, as is almost universally 
the case with many other vegetable products, because 
of the deficiency of the very essential amino acid, 
lysine. The immediate inference is that this deficiency 
could be overcome through the addition of snail meal. 
Tests designed to determine both the effectiveness of 
this combination and the growth adequacy factors of 
snail meal alone are currently being set up through 
the use of controlled chick feeding experiments at the 
University of Arizona. It is expected that the results 
of these tests, along with additional amino acid assays, 
will be announced at an early date. 
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Influence of Peripheral Cholinergic 
Blocking Drugs on Survival Time 
in X-Ray Irradiated Mice* 


Thomas J. Haley and Bonnie M. Rhodes? 


Division of Pharmacology and Toxicology, 
Atomic Energy Project, School of Medicine, 
University of California, Los Angeles 


In 1949 Larkin (7) reported that atropine increased 
the survival time in x-ray irradiated mice. It was diffi- 
cult, however, to understand how a dose of 0.65 mg/kg 


1 This article is based on work performed under Contract 
No. AT-04-1-GEN-12 between the Atomic Energy Commission 
and the University of California, Los Angeles. 

2The authors wish to thank Merck & Co. for the MK-02, 
M. L. Tainter for the Win-2299, and Harold Werner for the 
Bentyl used in this study. 
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of atropine could possibly produce sufficient choli- 
nergic blockade to influence the survival time in irra- 
diated animals. Furthermore, if such a small nontoxie 
dose of atropine could favorably influence irradiation 
survival time, doses two and three times that amount 
should prove even more beneficial, beeause they would 
have a tendency to increase the effective cholinergic 
blockade while still remaining in the nontoxie range. 
Other cholinergie blocking drugs less toxie than, and 
almost as potent as, atropine should also prove bene- 
ficial under the above conditions. 

Male CF'1 strain mice, weighing an average of 20 ¢ 
each, were arranged in groups of 20 animals each. 
Except during irradiation, the animals were main- 
tained in an air-conditioned room at 72° +5° F and 
were given a diet of Rockland pellets supplemented 
weekly with additional vitamins A and D. Beginning 
1 day prior to irradiation and continuing until 90- 
100% of the animals had died (10-16 days), each 
animal received daily by intramuscular injection a 
constant volume of 0.1 ml of the following concen- 
trations of peripheral cholinergic blocking drugs: 
Group I, 0.45x10 M; Group II, 0.90x10° M; 
Group III, 1.35 x 10-* M. The controls received 0.9% 
saline. The drugs used were atropine, Merck MK-02 
(tropine benzhydrylether methane sulfate) ; Win-2299 
(1-methyl -3-piperidyl - methyl - phenyl -2-thienyl ace- 
tate) ; and Bentyl (1-eyclohexylhexahydrobenzoie acid, 
B-diethylaminoethyl ester). The injeetions were given 
in alternate thighs. The 550-r radiation dose was ad- 
ministered from above and below the mice with two 
250 kvp Picker Industrial Units operating simulta- 
neously. The technical factors were: 250 kvp; 15 ma; 
FOD 100 em, filters, 0.21 mm Cu inherent, 0.5 mm 
Cu parabolic, and 1.0 mm Al; HVL 2.02; size of field 
—total body, r/min measured in air 17,.2-18.4. Both 
units were calibrated prior to each experiment with 
a Victoreen thimble r-meter. The animals were re- 
strained in a plastie cage similar to the one previously 
described for guinea pigs (2). The results obtained 
were analyzed statistically by the method of Liteh- 
field (3). 

The results obtained with the four drugs are given 
in Table 1. From the data it is evident that none of 
the drugs had a significant effect on total mortality. 
Furthermore, the response of the animals to the radi- 
ation dosage was remarkably constant over the 8 
months during which the experiments were conducted. 
This is borne out by the total mortality figures, as 
well as by the slopes of the time-percentage effect 
curves. Statistical analysis of the reaction time ratios 
shows that all concentrations of MK-02, the 0.90 x 
10-* M concentration of Win-2299, and the 0.45 and 
0.90 x 10-° M concentrations of Bentyl significantly 
affected the survival time of the mice in a favorable 
manner. From a practical viewpoint, however, the 
over-all differences between the ST,, day and the day 
on which 90-100% of the mice were dead are so small 
that such medication cannot be considered highly bene- 
cial in counteracting over-all radiation injury, but it 
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TABLE 1 


EFrrect OF CHOLINERGIC BLOCKERS ON SURVIVAL 
TIME IN IRRADIATED MICE 


Total 

ro 

| Slope _ mortality 

Drug uation range and Per- 

10° M Day eent- 

days 

age 

Saline — 9.1 1.21 13 90 
( 84- 9.9) (1.14-1.29) 

0.45 9.1 1,21 12 100 
( 84- 9.9) (1.14-1.29) 

Atropine 0.90 9.1 1,21 12 100 
( 84— 9.9) (1.14-1.29) 

1.35 9.1 1.21 14 +100 
( 84— 9.9) (1.14-1.29) 

Saline “= 7.0 1.25 10 100 
( 6.4— 7.7) (1.16-1.33) 

0.45 10.2 1.15 11 100 
( 9.6-10.9)  (1.10-1.20) 

MK-02 0.90 10.7 1.22 13 90 
( 9.8-11.6) (1.14-1.29) 

1.35 10.7 1.22 16 90 
( 9.8-11.6) (1.14—1.29) 

Saline 7.0 1.20 10 +100 
( 7.6) (1.13-1.27) 

0.45 8.3 1.20 12 100 
( 7.6- 8.9) (1.13-1.27) 

Win-2299 0.90 19.3 1.07 12 100 
(10.0-10.6) (1,04—1.09) 

1.35 8.2 1,20 12 100 
( 7.6—- 8.9) (1.13-1.27) 

Saline — 5.3 1.32 10 100 
( 4.7— 6.0) (1.21-1,44) 

0.45 8.3 1.29 13. 100 
( 7.4- 9.3) (1.18-1.40) 

Bentyl 0.90 8.7 1.24 12 95 
( 7.9- 9.5) (1.16-1.33) 

1.35 6.1 1.50 11 100 


( 5.1- 7.2) (1.30-1.70) 


ST,, = day on which 506% of animals are alive. Values are 
at odds of 19/20. 


might be useful in the preliminary phase of the syn- 
drome. 

There is no general agreement concerning the part 
played by the cholinergic branch of the autonomic 
nervous system in the radiation syndrome. Burnett, 
Burke, and Upton (4) showed that cogeners of acetyl- 
choline protected C,; strain mice from the lethal ef- 
fects of x-irradiation and that atropine could negate 
such protectant action. On the other hand, Larkin (1) 
reported that atropine increased survival time in CF1 
strain mice, although it did not affect the total mor- 
tality caused by such irradiation. The results herein 
reported show that atropine does not increase survival 
time in x-irradiated CF1 strain mice. Other related 
synthetic drugs, however (MK-02, Win-2299, and 
Bentyl), which have been shown to have equivalent 
in vitro antispasmodie potency and to be less toxic 
than atropine (5-7) do inerease survival time but 
have no effect on total mortality. We have no expla- 
nation for the ineffectiveness of atropine, because in 
vivo this drug should have been as active as the other 
antispasmodies employed. 


140 


Analysis of the mechanism(s) involved in the so- 
ealled protectant effect of antispasmodie drugs must 
be based upon present knowledge of the actions of 
ionizing radiation on the animal organism. Quastler 
et al. (8) have shown that the early deaths from ion- 
izing radiation in mice are due to intestinal damage. 
Conard (9) showed that drugs that inhibit acetylcho- 
line inhibit x-ray response, and drugs that augment 
the action of acetylcholine also augment the x-ray re- 
sponse. Burn et al. (10) have observed that loops of 
intestine obtained from x-irradiated rats are more 
sensitive to acetylcholine 1-2 days postirradiation. 
There is also a concomitant fall in the “pseudo” but 
not in the “true” cholinesterase content of the in- 
testine at the same time. Upon the basis of these re- 
ports it seems probable that the inerease in survival 
time may be the result of peripheral cholinergic 
blockade decreasing intestinal actitvity and thus de- 
creasing intestinal trauma that might result from 
active propulsive movements of the intestinal con- 
tents. Although intestinal relaxation by the antispas- 
modies might decrease intestinal damage, these drugs 
would not affect the bacterial and hemorrhagie phases 
of the radiation syndrome and thus would not de- 
erease the mortality caused by these factors. The re- 
sults herein presented, with the exception of those 
with atropine, would tend to support such a hypothe- 
sis and would indicate that the approach to radiation 
injury therapeutics should be a multiple one designed 
to combat successive phases of the radiation syndrome. 


References 

1. Larkin, J. C. Am. J. Roentgenol. Radium Therapy, 62, 
547 (1949). 

2. Hacey, T. J., and Harris, D. H. Seience, 111, 88 (1950). 

8. LircHFieLp, J, T., Jr. J. Pharmacol. Exptl. Therap., 97, 
399 (1949). 

4. Burnett, W. T., Jr., Burke, W. W., JR., and Urron, A. C. 
Federation Proc., 11, 328 (1952). 

5. Merck & Co. Information Bulletin on MK-02, a New 
Antispasmodic Agent. 

6. Tarnrer, M. L, Personal communication. 

7. Werner, H. W. Personal communication. 

8. Quastier, H., et al. Am. J. Physiol., 164, 546 (1951). 

9. Conarp, R. A. Ibid., 165, 375 (1951). 

10. Burn, J. H., Korpik, P., and More, R. H. Brit. J. Phar- 
macol., 7, 58 (1952). 


Manuscript received July 21, 1952. 


Scientific Book Register 


Heat Transfer Phenomena: The Flow of Heat in Physi- 
cal Systems. R. C. L. Bosworth. Sydney: Associated 
Gencral Pubs.; New York: Wiley, 1952. 211 pp. Illus. 
$6.00. 

Physical Chemistry. 3rd ed. Frank H. MacDougall. New 
York: Maemillan, 1952. 750 pp. Illus. $6.00. 

Statistical Methods for Chemical Experimentation. W. 
L. Gore. New York—London: Interscience, 1952. 210 
pp. $3.50. 

Your Community’s Health. A revision of Community 
Hygiene. Dean F. Smiley and Adrian G. Gould. New 
York: Maemillan, 1952. 454 pp. Illus. $5.50. 

Computing Manual. Fred Gruenberger. Madison: Univ. 
Wisconsin Press, 1952. 123 pp. Illus. $2.00. 


Science, Vol. 117 


Li 
- to 
ab 
sti 
sti 
ye 
th 
pr 
Wwe 
da 
It 
su 
co 
st 
ch 
nc 
Ke 
50 
yo 
tio 
fic 
Ne 
gr 
wl 
ea 
we 
pe 
m 
et 
or 
pr 
of 
x 
ba 
th 
tr 
0. 
re 
wi 
m 
nc 
av 
th 
2} 
= 


Kodak reports to laboratories on: 


an improved paper for photorecording . . . circular neutral density wedges .. . taking the 


hemin out of hemoglobin ... high speed movies. 


Photorecording 


“Once you've selected a Kodak 
Linagraph Paper or Film best suited 
to your requirements, you can treat 
every roll of it alike without concern 
about adjusting exposure and proc- 
essing practices.” We make that 
statement in our literature and we 
stand behind it, even though, if 
you’ve purchased Kodak Linagraph 
809 Paper recently, you may have 
noticed that the same exposure re- 
sults in a blacker trace than before. 
We’ve improved the emulsion so 
that it takes less exposure now to 
produce the blackness you like, and 
we've done it without increasing the 
danger of fogging by stray light. 
It’s still an abrasion-resistant, matte- 
surfaced, quick-fixing emulsion 
coated on strong, pure white ledger 
stock, still accepts pencil or ink 
notations smoothly and well. 

Kodak Linagraph Papers and Films are 
sold by the Kodak Industrial Dealer in 
your area, and the number of combina- 
tions of types, sizes, and spooling speci- 
fications available for your photorecord- 
ing. convenience runs into thousands. 


Neutral density wedges 


Among the many items—photo- 
graphic, chemical, and optical— 
which Kodak supplies to small but 
earnest clienteles are neutral density 
wedges composed of a carbon dis- 
persion in gelatin on glass. As a 
matter of fact, there is quite a vari- 
ety of them which we make as 
orders are received. They vary in 
price from $15.60 for a plain wedge 
of 10 by 1.5 cm size to $46.55 for a 
20 by 3 cm calibrated wedge with 
balancing wedge; in density range 
they vary from 0-.3 (100% to 50% 
transmission) up to 0-4.0 (100% to 
0.01%). Lately we’ve had a flurry of 
requests for circular neutral density 
wedges, particularly from experi- 
mental psychologists. We are happy 
now to report that these too are 
available in several sizes. Two of 
the more common ones are: 1) 
24%” diameter, hole, 


This is one of a series of reports on the many products 
and services with which the Eastman Kodak Company and 


its divisions are ... serving laboratories everywhere 


wedge width, 0-3.2 density range, 
$9.60; 2) 5%” diameter, %4” or 


144” hole, 146” wedge width, 0-2.0 
or 0-4.0 density range, $30. 

Kodak Neutral Density Wedges are sold 
by your Kodak dealer, but we suggest 
you let us prepare him for your visit by 
first explaining your requirements to In- 
dustrial Photographic Division, Eastman 
Kodak Company, Rochester 4, N. Y. 


CsaHs204N, FeCl 


Hemin is part of the hemoglobin 
that courses through the billions of 
animals that inhabit the planet. Get- 
ting it into the form we sell to re- 
searchers is a tedious process in 
which 3000 grams of crude hemo- 
globin bought from a meat packer 
winds up as 20 grams on our shelves. 
Involved along the way are hot iso- 
amyl alcohol, hot acetic acid, deli- 
cate adjustment of a pyridine-chlo- 
roform system of solvents, coagula- 
tion of protein with hydrochloric 


acid, slow crystallizations from vari- 
ous solvents without stirring, etc., 
etc. From all this emerges the prod- 
uct, the chloride salt of an iron por- 
phyrin in which four substituted pyr- 
roles are joined by methylene link- 
ages around a central iron atom. 
Despite the conservative “97+” 


Stated in our catalog and on our 
label, our control lab reports semi- 
confidentially that the actual purity 
usually runs above 99° >. 

This is but one of over 3500 organic 
chemicals appearing in Eastman Organic 
Chemicals List No. 38. If you haven't 
a copy, write to Eastman Organic Chem- 
icals Department, Distilla- - 

tion Products Industries, 
Rochester 3, N. Y. 


High speed 


As a tool for the engineering analy- 
sis of mechanical motions too fast 
for the eye or even for the sports 
newsreel type of “slow motion,” we 
make the Kodak High Speed Cam- 
era. It can take from 1000 to 3200 
full 16mm frames per second and 
can superimpose the corresponding 
oscillograph record on the pictures 
if required. It is simple to operate, 
and gives pictures of excellent pho- 
tographic quality. We have sold a 
very respectable number of them to 
people who have found its speed 
range just right for the great major- 
ity of mechanical design problems. 
Nevertheless, there are problems, 
mostly in fundamental research, 
where simplicity, economy of oper- 
ation, and even image clarity must 
be sacrificed for higher repetition 
rates. Several high speed cameras 
of such specialized design have ap- 
peared in recent years, and we are 
frank in our admiration of them. 
The history of this branch of instru- 
mentation dates back at least to 
1880 and has its own terminology, 
literature, regular symposia, and a 
collection of impressive successes. 
A scholarly and exhaustive sum- 
mary of these lately appeared in one 
of the engineering journals. We 
have had it reprinted and shall be 
happy to send you a free copy. 

For the reprint (“Special Report on 
High Speed Photography in Design’), 
for inquiries about the Kodak High 
Speed Camera, or for help in selecting 
film or plates for any form of high speed 
photography, address Industrial Photo- 


graphic Sales Division, Eastman Kodak 
Company, Rochester 4, N. Y. 


Kodak 
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Adsorption civomatography 


Both models of Aminco Electrophoresis Apparatus constitute 
complete electrophoresis laboratories in single, compact units. 
They incorporate precise schlieren optics in an air-conditioned 
space» automatic integral refrigeration system, built-in line- 
voltage-regulated and current-stabilized high-voltage power 
supply, rapid internal dialysis facilities, and temperature-regu- 


lated water bath. 


Aminco-Stern universal re- 
search model for large out- 
put and a wide variety of 
sample volumes. 

BULLETIN 2175-K 


Aminco portable model for 
routine research and clini- 
cal use on a smaller scale. 


BULLETIN 2281-K 


AMERICAN INSTRUMENT COMPANY, INC. 
Silver Spring, Maryland ¢ In Metropolitan Washington, D. C. 


A READY REFERENCE 
That Will Save Time for You 


Use this catalog as a“one stop” source of 
supplies required in biological and microbio- 
logical research. 


It lists Amino Acids, Vitamins, Carbohydrates, 


PRODUCTS 
RESEARCH 


PRICE List 


SPECIAL 


Adenylates, Nucleates, Purines, Pyrimidines, 
Tetrazolium Salts, Enzymes, Microbiological 
and Bacteriological Media, Complete Animal 
Test Diets and Ingredients, and a wide range 
of Biochemicals for Investigational Use. 


® 60 LABORATORY PARK ° 


Write for Your 
Copy TODAY 


GENERAL BIOCHEMICALS, 


INC. 


CHAGRIN FALLS, OHIO 
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NUMERICAL SOLUTION OF DIFFERENTIAL EQUATIONS 


By WILLIAM EDMUND MILNE, Oregon State College. This is the first thorough 
coverage, in English, of this subject. It discusses the principal techniques available for the 
numerical solution of ordinary and differential equations in as elementary a manner as its 
subject matter permits. It avoids complicated mathematics, but does not gloss over 
difficulties. Every important topic is illustrated with actual numerical examples, worked 
out in minute detail. They specifically show how to apply the processes discussed in 
theory to definite problems encountered in practice. A book in the Wiwey Appiiep 
MatHematics Series, Edited by I. S. Sokolnikoff. 


1953. Approx. 280 pages. Prob. $6.00. 


1ON EXCHANGERS IN ANALYTICAL CHEMISTRY 


By OLOF SAMUELSON, Chalmers Institute of Technology, Goteborg, Sweden. Here 
is the first book of its kind to be devoted to the analytical applications of the new syn- 
thetic organic ion exchangers. Dr. Samuelson has written a comprehensive study of the 
ion exchange method from the viewpoint of a practicing analytical chemist. The three 
main aspects covered are: 1) a discussion of the fundamental physical principles involved; 
2) a presentation of the techniques of both ion exchange separations and chromatography; 
and 3) practical applications of this new method, with numerous procedural details. 
Much of the information included has been almost unavailable before, having been pub- 
lished in periodicals with limited distribution. 


1953. In Press. 


CHEMICAL CONTROL OF INSECTS 


By T. F. WEST, D.Sc., Ph.D. (Lond.), A.M.I. Chem. E, F.R.LC., J. ELIOT 
HARDY, D.Sc. (Prague), M.A. (Cantab.), F.R.E.S., and J. H. FORD, F.R.E.S. This is 
a comprehensive survey of the main insecticides emphasizing the more modern methods 
and developments. It is a departure from the usual as the authors do not divide the subject 
into contact and stomach insecticides. Instead, they consider the destruction of insects 
by toxic gases or vapors first and as an introduction. Then the more commonly known 
insecticides are dealt with. This provides a clearer picture of the impact on pest control 
of the newer synthetic insecticides. Attention is also drawn to the gaps in knowledge 
which are inherent in the “newness” of these compounds. 


1953. 211 pages. $3.25. 


SYNTHETIC ORGANIC CHEMISTRY 


By ROMEO B. WAGNER and HARRY D. ZOOK, both at The Pennsylvania 
State College. Here, summarized in a single volume designed to save hours of research 
time, are the methods most frequently used in the preparation of monofunctional and 
difunctional organic compounds. This new book includes over 550 summaries of methods 
employed—organized according to functional groups, familiar and readily accessible to 
all chemists. It contains over 7000 references to the chemical literature, and over 6000 
organic compounds conveniently tabulated, along with references to well-written pro- 
cedures for their preparation, yields, and physical constants. 


1953. Approx. 869 pages. Prob. $10.00. 


Send for on-approval copies 


JOHN WILEY & SONS, Inc. 440 Fourth Ave., New York 16, N. Y. 
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the eas 


economic 
way, choose 
Visicam 
Readily attach- 
able to any 
standard mi- 
croscope, the 
versatile Visi- 
cam provides 
inexpensive 
35mm black & 
white or color 
photomicro- 
graphs of the 
finest quality. 


convenient th camera back. 


— 


854 S. Figueroa St., Los Angeles 17, Calif. 


PHOTOVOLT Densitometer 


for 


CHROMATOGRAPHY 


A photoelectric precision instrument for 
the rapid and convenient evaluation of 
strips and sheets in filter paper chro- 
matography and paper electrophoresis 


Write for Bulletin N 800 to 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 


Also 
Colorimeters pH Meters 
Fluorimeters Electronic Photometers 


Reflection Meters Multiplier Photometers 
Interference Filters 


CUSTOM MADE 


TOOL FOR THE ANALYSIS 


THE CONTROL OF PRODUCTION OF 


NEW YORK, N. Y. 
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OF COMPLEX COLLOID SYSTEMS, AND FOR 


PURIFIED PROTEINS, ENZYMES, HORMONES 


KLETT MANUFACTURING CO. 
179 EAST 87TH STREET 


KLETT 
ELECTROPHORESIS 
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FUNDAMENTALS 
OF COMPARATIVE 
EMBRYOLOGY OF 
= THE VERTEBRATES 


Dr. Alfred F. Huettner has prepared a manual coordinating laboratory work with the 
revised edition of THE FUNDAMENTALS OF COMPARATIVE EMBRYOLOGY 
OF THE VERTEBRATES, published in 1949. A Laboratory Manual of Com- 
parative Embryology gives a clear and concise outline of basic laboratory procedures 
and includes numerous references to textbook illustrations, which coordinate practical 
laboratory observations with textual information. Although the manual is designed pri- 
marily for use with Dr. Huettner’s text, it can be used with other college embryology 
books. 

Ready in the spring 


The text, THE FUNDAMENTALS OF COMPARATIVE EMBRYOLOGY OF 
THE VERTEBRATES, is planned chiefly to give pre-medical students training in 
the morphological aspects of various types of vertebrate embryos and to prepare them 
for a thorough appreciation of human embryology. The author discusses in ascending order 
the emphioxus, the frog, the chick, and the pig. This revised edition includes two new 
chapters: History and Theories of Development and The Embryology of the Pig. The 
descriptive continuity, which won acclaim for the first edition, remains intact, although 
it is highlighted by the addition of certain phases of experimental embryology interesting 
to the elementary student. There are twenty-six new drawings of more than sixty indi- 
vidual illustrations. 

309 pages Price: $5.50 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N. Y. 


; 


Announcing... 


Astrophysics 


The Atmospheres of the Sun and Stars 
LAWRENCE H. ALLER 


University of Michigan 
COVERING both fundamentals and major develop- 
ments of stellar atmospheres, this new work includes 
a brief introduction to astronomy and a review of 
atomic structure and spectra, gas laws and velocity 
distribution, ionization, excitation, dissociation of 
atoms and molecules, and selected aspects of radiation 
theory. These principles are then applied to radia- 
tion of the sun and stars, their continuous dark-line 
spectra, solar phenomena, and solar-terrestrial rela- 
tionships. 117 illus., approx. 450 pp. $12. 


Special pre-publication price (until April 15): 
$10.50 


RECORD OF THE ROCKS 


The Geological Story of Eastern North America 
HORACE G. RICHARDS 


SUPERBLY illustrated account of development of 
the physical world, with emphasis on the Atlantic 
Coastal Plain and its wealth of representative fossil 
deposits. Covers each period from the Pre-Cambrian 
to the Recent, with special attention to the Mesozoic 
and Cenozoic Eras. Summarizes principles of physical 
geology; reviews leading theories of earth’s origin. 
294 photographs, drawings, maps. $6. 


THE EVOLUTION OF CHEMISTRY 


A History of Its Ideas, Methods, and Materials 
EDUARD FARBER 


ALSO NEW—absorbing story of the origin and his- 
tory of chemistry, accurately told by an eminent 
scholar. Provides a fuller understanding of the con- 
cepts and methods of chemistry by integrating its 
evolution with progress in other sciences. Enriched 
by biographies of foremost chemists and excerpts 
from their writings. Illustrated. $6. 


Order through your bookstore or from 


HE RONALD PRESS COMPANY 
5 East 26th Street « New York 10 


Publications Received 


Adult Education in Australia. Fre Alexander. Oceasional 
Papers No. 2. New York: Fund for Adult Education, 
1953. 36 pp. Single copies free. 

Annals of the New York Academy of Sciences. Vol. 55, 
Art. 1, Ionic Transfer in Nerve in Relation to Bio- 
Electric Phenomena, A. M. Shanes. 36 pp. Illus. $1.00. 
Vol. 55, Art. 4, Biology of the Testes. John MacLeod, 
Cons. Ed. 200 pp. Illus. $3.75. Vol. 55, Art. 5, Micro- 
wave Spectroscopy. B. P. Dailey, Cons. Ed. 275 pp. 
Tllus. $3.00. Vol. 56, Art. 1, Oral Fat Emulsions. F. J. 
Stare, Cons. Ed. 140 pp. Illus. $3.00. New York: New 
York Academy of Sciences, 1952. 

Colonial Products Research Council. Ninth Annual Re- 
port (1951-1952). London: Ministry of Labour, 1952. 
59 pp. $1.50. 

Department of Scientific and Industrial Research. Chicm- 
istry Research 1951. 125 pp. Tllus. 4s. 6d. Food In- 
vestigation 1950. 43 pp. 40¢. Food Investigation 1951. 
39 pp. 40¢. National Physical Laboratory. Report for 
the Years 1940-1945. 159 pp. 5s. Scientifie Research in 
British Universities 1951-52. y +485 pp. 8s. 6d. Lon- 
don; H. M. Stationery Off., 1952. 

Fieldiana. Zoology. Vol. 34, No. 6, Secondary Sexual 
Characters and Ecological Competition. Austin L. 
Rand. 6 pp. Illus. 10¢. Vol. 34, No. 7, More New 
Species and New Records of Fishes from Bermuda. 
Robert H. Kanazawa. 30 pp. Illus. 50¢. Chicago: 
Chicago Natural History Museum, 1952. 

Foundations of Biology: A Laboratory Handbook. Gairi- 
ner B. Moment and Helen V. Crouse. New York: 
Appleton-Century-Crofts, 1953. 132 pp. and work- 
sheets. Illus. $2.50. 

Hearing Aids: Their Use, Care, and Repair. Matthew 
Mandl. New York: Maemillan, 1953. 158 pp. Illus. 
$3.50. 

La Venta, Tabasco. A Study cf O'mec Ceramics and Art. 
Philip Drucker. Bull. 153. Washington, D. C.: Smith- 
sonian Institution, Bur. Am. Ethnol., 1952. x + 257 pp. 
Illus. $1.25, 

Mammals of Yosemite. Harry CC. Parker. Yosemite 
Nature Notes, Spec. No., 31, (6), June 1952. Yosemite 
National Park, Calif.: Yosemite Natural History Asso- 
ciation, 1952. 

Progrés Récents de la Chromatographie. Part 2, Chimie 
Minérale. Michael Lederer. Actualités Scientifiques 
et Industrielles, 1181. Chromatographie. E. Lederer, 
Ed. Paris: Hermann & Cie., 1952. 131 pp. Illus. 

Psychological and Psycho-physical Studies of Craftsman- 
ship in Dairying. Monograph supplements to the 
British Journal of Psychology, No. XXVIII. Roland 
Harper. New York: Cambridge Univ. Press, 1952. 63 
pp. Illus. $2.00. 

Quantitative Inheritance. E. ©. R. Reeve and C, H. 
Waddington, Eds. Agricultural Research Council. Lon- 
don: H. M. Stationery Off., 1952. 151 pp. £1. 

Report on Germany. Office of the U. 8S. High Commis- 
sioner for Germany. Sept. 21, 1949-—July 31, 1952. John 
J. MeCloy. New York: Policy Reports Secretary, OES, 
1952. 299 pp. Illus. 

A Revision of the Family Embiotocidae (The Surf- 
perches). Fish Bull. No. 88. Fred Harald Tarp. Sacra- 
mento: State of California, Dept. Fish and Game, Bur. 
of Marine Fisheries, Oct. 1952. 99 pp. Illus. 

The Rockefeller Foundation. Annual Report, 1951. New 
York: Rockefeller Foundation. xv +557 pp. Illus, 
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HANKS to economical DEEMINAC parts per million! All minerals and salts 


everyone in your laboratory can now 
have his own source of chemically pure 
water at his finger tips. Just one quick 
squeeze of the pliable polyethylene bottle 
and DEEMINAC’s filter converts ordi- 
nary tap water into the equivalent in ionic 
purity of that produced by triple distilla- 


of calcium, sodium, iron, magnesium and 
other metallic ions are removed, as well as 
sulphate, chloride bicarbonate and sili- 
cate. The smallest DEEMINAC filter will 
produce up to 20 gallons of pure water 
before becoming exhausted. A_ color 
change—black to amber—indicates when 


filter should be replaced. 


tion—maximum impurity content 10 


30-861 DEEMINAC 
available in 3 sizes 30-862 Extra Filters j 
SIZE BOTTLE © FILTER PRICE, BOX OF 2 


size one box dozen boxes 
2 oz. $2.50 27.00 


3 oz. 3.50 37.00 
4 ox. 4.50 49.00 


bottle filter each dozen gross 


60z. 2o0z. $1.75 19.00 190.00 
8oz. 3 oz. 2.25 24.00 240.00 
16 oz. 4 ox. 3.00 33.00 330.00 


All prices F.0.B. New York, N. Y. 


E. MACHLETT & SON 


Leborator APPARATUS SUPPLIES CHEMICALS 
220 East 23rd Street: New Yor« 10,N.Y. 


ESTABLISHED 1807 
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an individual deionizer for | 
everyone in your laboratory | 

| 
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A new and complete 
line of paper & 
chromatographic 
equipment 

carefully engineered 
for use in this new 
field of analysis. Hm 


CHROMATOCABS 
STEEL OR GLASS RACKS 
DENSITOMETERS 
ULTRAVIOLET LAMPS 
DRYING OVENS 
INDICATOR SPRAYS 
DISC CHAMBERS 
SOLVENT TROUGHS 
MICRO PIPETS 
CLIPS 


Prompt Delivery 


IMMEDIATE DELIVERY 
$695 with stainless steel tank 
and glassware clamps 


G M er MARKET PLACE ,—MADISON 3, WIS. 
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Meetings & Conferences 


Feb. 12-13. Protestant Hospital Association. Palmer 
House, Chicago. 

Feb. 12-13. Southern Weed Conference. Jung Hotel, New 
Orleans. 

Feb. 14-15. Society for the Study of Social Problems, 
joint with the Society for the Psychological Study of 
Social Issues. New York University, New York. 

Feb. 15-17. Canadian Ceramic Society. Royal York Hotel, 
Toronto. 

Feb. 16-19. Technical Association of the Pulp and Paper 
Industry (Annual). Commodore Hotel, New York. 
Feb. 16-21. Pakistan Science Conference (Annual). 

Lahore. 

Feb. 18-20. National Cotton Council (Annual). General 
Oglethorpe Ifotel, Savannah, Ga. 

Feb. 24. Society for the Advancement of Criminology 
(Interim). Northwestern University Law School, Chi- 
cugo. 

Feb. 26-28. American Academy of Forensic Sciences 
(Annual). Drake Hotel, Chicago. 

Feb. 27. Society of Illinois Bacteriologists. Furniture 
Club, Chicago. 

Mar. 1-6, International Congress of Military Medicine 
and Pharmacy. Montevideo. 

Mar. 2-6. American Society for Testing Materials. Hotel 
Statler, Detroit. 

Mar. 6-8. North American Wildlife Conference. Wash- 
ington, D. C. 

Mar. 7. Symposium on Air Pollution and its Control. 
Wagner College, Grymes IIill, 8. L, N. Y. 

Mar. 8-11. American Iustitute of Chemical Engineers. 
Buena Vista Hotel, Biloxi, Miss. 

Mar..11-13. National Agricultural Chemicals Association 
(Spring). Jung Hotel, New Orleans. 

Mar. 11-Apr. 8. Commission for Synoptie Meteorology 
of the World Meteorological Organization. Washington, 
D. C. 

Mar. 12-25. Commission for Climatology of the World 
Meteorological Organization. Washington, D. C. 

Mar. 13-14. Alabama Academy of Science, Ine. Florence. 

Mar. 15-19. American Chemical Society (Annual). Hotels 
Biltmore and Statler, Los Angeles. 

Mar. 16-18. Ciba Foundation Symposium on Preservation 
of Normal Tissues for Transplantation. London. 

Mar. 16-20. National Association of Corrosion Enginecrs 
(Annual). Hetel Sherman, Chicago. 

Mar. 17-19. American Meteorological Society, Symposium 
on Numorical Prediction; Chmatelogy; Long-Range 
Forecasting; Ice Island. Atlantie City. 

Mar. 19-21. Optical Society of America (Spring). Hotel 
Statler, New York. 

Mar. 23-26. American Association of Petroleum Geolo- 
gists, Society of Economic Paleontologists and Min- 
eralogists, and Society of Exploration Geophysicists 
(Joint Annual). Coliseum, Houston. 

Mar, 23-26. Institute of Radio Engineers (Annual). Wal- 
dorf-Astoria Hotel and Grand Central Palace, New 
York. 

Mar. 23-27. Western Metal Congress and Exposition. 
Pan-Pacifie Auditorium, Los Angeles. 

Mar. 25-27. American Association of Anatomists (An- 
nual). Ohio State University, Columbus. 

Mar. 25-27. American Power Conference (Annual). Sher- 
man Hotel, Chicago. 

Mar, 26-28. American Academy of Arts and Sciences. 
Boston. 
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What GENERAL ELECTRIC People Are Saying 


J. J. FITZGERALD 
Knolls Atomic Power Laboratory 


Sarety IN NucLEAR Operations: Waste gases 
as finally discharged into the air. from the 
Knolls Atomic Power Laboratory at Schenec- 
tady, N. Y., are no more radioactive than the 
normal surrounding atmosphere and in many 
instances are even less radioactive. 

These gases are discharged through a 100- 
foot stack, and are constantly monitored to 
make sure that the concentration of radio- 
active material is kept well below permissible 
limits. 

Constant air monitors are located at selected 
sites to check the radioactive concentrations at 
various points near ground level. Plant samples 
also are analyzed on a regular schedule to 
evaluate the accumulation of radioactivity on 

‘aste radioactive gases and smokes from 
the working areas are first passed through a 
“scrubber,” in which a caustic solution washes 
out the larger radioactive particles as well as 
the more volatile components. Next they go 
through a_ high-efficiency filtering system, 
which removes more than 99.9 per cent of the 
small amount of radioactive material left. The 
air that remains is diluted, from a thousand to 
ten thousand times, with filtered air from the 
ventilating system of the building. and then is 
through the stack. 

As a result, in many instances the effluent 
from our stack is cleaner than the atmosphere 
itself. 


New York City 
* 
W. R. G. BAKER 


Electronics Division 


EvLecrronics Tomorrow: Science cannot guard 
against the intellectual germ warfare lies 
carried on by the proponents of the “something- 
for-nothing-isms.” cannot design 
electronic devices or atomic weapons to protect 
against this type of infiltration. But engineers 
can make certain that their economic and 
political education advances in step with their 
technical education. The ability to separate 
truth from propaganda is as important as the 
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ability to separate scientific fact from misinfor- 
mation. Your future may depend on your ability 


to do both. 
Institute of Radio Engineers 
Washington, D. C. 


* 
G. E. HENRY 
General Engineering Laboratory 


CLEANING With Sounp: It is now some 
twenty-five years since Wood and Loomis first 
demonstrated the remarkable physical and 
chemical effects of high frequency. high power. 
sound in liquids. People have been busy, during 
this time, looking for ways to turn these effects 
to practical advantage. especially in the chem- 
ical industry. During the last three or four 
years, however, the most notable advances 
have been made not for the chemical producer. 
but for the metal-working industries—specifi- 
cally for those engaged in small-parts os 
tion. High power ultrasonics aim the best 
means yet devised for cleaning these small 
parts. 

An instrument ball bearing. a small pum 
fitting. or some other precision made ak 
piece is immersed in a solvent; a high-frequency 
sound wave beamed through the solvent strikes 
the metal surface and removes almost instantly 
any film of oil or grease, together with dirt. 
chips, or other foreign matter. 

here is no longer any question of the 
superiority of ultrasonic cleaning when the 
characteristics of the work piece and the 
economics of production are favorable for the 
application of the new method. The great 
question remaining is how far the a Se can 
be extended to ma et different kinds of parts 
—how large a proportion of the total metal 
cleaning business can be profitably handled 


with ultrasonics. 


IRE, Evansville—Owensboro Chapter 
Owensboro, Kentucky 


You can put your confidence in 
GENERAL @@ ELECTRIC 
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| PERSONNEL PLACEMENT | 


YOUR ad nere reaches over 32,000 foremost scientists 


in the leading educational institutions, industrial 
laboratories, and research foundations in U. S. 
and 76 foreign countries—at a very low cost 


CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no charge tor Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satistactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14:00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 


Biochemist, M.A. (Zoology); minors: botany, chemistry, German, 
Latin. Total ; years teaching experience covering biology, chem- 
istry, microbiology anatomy, physiology. Desires a teaching posi- 


tion, college level with research possibilities. East. September 1953. 
Box 17, SCIENCE. 


Bacteriologist : Ph.D. recent graduate, pharmaceutical research 
experience in bacteriology, parasitology, and protozcology. Seek 
industrial research position. Box 25, SCIENCE. x 


(a) Chemist; Ph.D. three years’ teaching; seven years, senior 
chemist and production superintendent industry; five, research 
director, pharmaceutical company. (b) Virologist; S.; two 
years’ teachin (Bacteriology) three years, virologist, large teach- 
ing hospital. Science Division, Medical Bureau (Burneice Larson, 
Director), Palmolive Building, Chicago. p, ¢ 


Physiologist, endocrinologist ; Ph.D., 28; desires academic position. 
Teaching experience, publications. Interested small animal research. 
Box 23, SCIENCE. x 
Zoologist (Ph.D. January 1953) Botany minor. Desire academic 
and/or research opportunity. Prefer western location. Experience 
in general zoology, elementary physiology, histology, embryology. 
Principal research interests: physiology of avian reproduction and 


migration; ecology. L. R. Mewaldt, Zoology, SC, Pullman, 
Washington. xX 


Zoologist: M.S. 1 year experience cancer research using protozoa 
and rats; 1 year full time employment on Q fever research; taught 
Biology course in college. 1 publication. Box 26, SCIENCE. 2/13 


Chemistry, physics, general science, mathematics, instructorships 
and assistant professorship, preparatory and university level in 


Near East. Apply Near East College Association, 40 Worth 
Street, New York 13. x 
Fellowship effective July 1, 1953 being offered by Dr. Jessie 


Marmorston, M.D. for period of one year to work with group in 
Renal Physiology at Institute for Medical Research, Cedars of 
Lebanon Hospital, Los Angeles, California. x 


SCIENTISTS—salaried positions, $3,600 to $25,000. 


This confidential service for outstanding men who desire a change 
of connection, will develop and_ conduct preliminary negotiations 
without risk to present position. Send name and address for details. 
TOMSETT ASSOCIATES @ 335 Frick Bidg., Pittsburgh 19, Pa. 


Teaching fellowships in Biology leading to M.S. degree in two 
ears. Apply Professor Arthur A, Vernon, Northeastern University, 
Bates, Mass. 1/30; 2/6 


PLACE- 


BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany ad. 

DISPLAY: Rates listed below—no charge for Box Number. 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 
13 times in 1 year 
26 times in 1 year 
52 times in 1 year 

For PROOFS on display ads, c must reach SCIENCE 4 
weeks before date of issue “tReiday of every week). 


LINGUAPHONE MAKES LANGUAGES EASY 
At home, learn to speak Spanish, French, Italian, Norwegian, 
German, Russian, Japanese, any of 29 languages by quick easy 
Linguaphone-World’s-Standard Conversational Method. Save time 
work and money. Send for FREE book TODAY. LINGUAPHONE 
INSTITUTE, 8402 Mezz., Rockefeller Plaza, N. Y. 20, N. Y. 


AMERICAN MEN OF SCIENCE, 8th Edition, wanted to buy. 
State condition and price. Box 24, SCIENCE. x 


(a) Associate Med:cal Director; pharmaceutical company; duties 
include clinical research, professional promotion; career post. 
(b) Bacteriologist trained in chemistry or along pharmaceutical 
lines; research on new products and control work; biological 
manufacturing company, large city, Midwest. (c) Assistant Profes- 
sor or Instructor in Biochemistry; Ph.1).; midwestern medical 
school, (d) Clinical Psychologist; in addition to administering 
psychological tests, should be particularly well qualified psycho- 
therapy; neuropsychiatric department affiliated with group clinic 
and 200-bed hospital affiliated with university department of psy- 
chology ; minimum $6000; West. (e) Physician or Ph.D.; research 
on cholesterol metabolism; medical school research department, 
West. S2-1 Science Division, Medical Bureau (Burneice Larson, 
Director), Palmolive Building, Chicago. X 


Medical and Research Director, M.D., not over 45 years with 
solid background in pharmacology and chemistry. Should be cap- 
able of originating and supervising both synthetic chemical and 
biological screening ea. A man who introduced a successful 
new drug and also had experience with cosmetics preferred. Re- 
sponsibility will include supervision of quality control of cosmetics, 
repaiation and filing of F.D.A. applications, making arrangements 
or clinical trials of new drugs and cosmetics, and supervision of 
promotional activities. Salary open. Reply to Box 22, meee 


Your sets and files of scientific journals 


are needed by our library and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 
at high market prices. Write Dept. A3S, J. S. CANNER, INC. 
Boston 19, Massachusetts 


SCIENTIFIC BOOKS and PERIODICALS WANTED 
Complete libraries—Sets and runs—Single titles 
Also, please send us your want lists. 
STECHERT - HAFNER, INC. 
31 East 10th St., New York 3 


Sets and runs, forei 


NTE CHASE ... 
WANTED TO PUR \ 


WALTER j. JOHNSON @ 125 East 23rd St., New York 10, N. , 4 
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BOOKS . SERVICES . SUPPLIES . EQUIPMENT 


r The MARKET PLACE. 


PROFESSIONAL SERvicEs 


BACK NUMBER PERIODICALS — bought ana Sota 


@ Tell us what you want!—What have you to offer? 
Abrahams Magazine Service , DEPT. P. 56 E. 13th ST. 
Established 1889 7” NEW YORK 3, N., Y. 


PROFESSIONAL SERVICES 


TABORATORY SERVICES 


in Biochemistry, Chemistry, Bacteriology 
and Insecticide Testing 


| Mineral determinations including sodium 
and fluorine 


Proximate analyses 

Vitamin and amino acid assays 

Food biochemistry and microbiology 
Write for price schedule 


WISCONSIN ALUMNI RESEARCH FOUNDATION 


P. O. BOX 2059 e MADISON 1, WISCONSIN 


A NATIONAL SERVICE 


ALBERT! 
TEACHERS 


RELIABLE and 
PERSONAL SERVICE 


. « to Colleges and Universities of the Nation 
and “their Personnel. Originated and continued 
by three generations of the Albert family. 

Member N.A.T.A. 
25 E. Jackson Blvd. Chicago 4, IMinois 


AGENCY 
and COLLEGE 
BUREAU 


CONSULTATION 
RESEARCH 


SOUTH SHORE 
ANALYTICAL RESEARCH 


148 ISLIP AVE. 


LOOKING FOR A PUBLISHER? 


Write for Free Booklet SC telling how we can publish 
your book. All subjects considered. New authors welcome. 


VANTAGE PRESS, Inc. © 120 W. 31 St., og York 1. 
in Calif.: 6356 Hollywood Bivd., Hollywood 28 


FEB. 20. 
PROCEEDINGS ISSUE 


Send your copy in, now! 


Reprint Request Cards, Custom Made. Printed on 2¢ Government 
Postal Cards. Prompt Service. $4.00 per Hundred. Postpaid in 
U. S. BOB’S PRINTSHOP, R8 Decatur, IIL. x 


SUPPLIES AND EQUIPMENT 


DIRECT 
The BR 


For All Laboratory Uses 
REASONABLE PRICES — PROMPT DELIVERY 


Have been raising rabbits for 20 years—have good healthy stock. 


FLINN’S RABBITRY, 160 Ontario St., Albany 5, N.Y. 


| For the Geet 


e MICROSCOPES 

e ILLUMINATORS 

e MICROTOMES 
Equipment for Photomicrography 
Specialists in Leitz and Zeiss Equipment 
Write to 


102 West 42nd Street 
ERIC SOBOTKA CO. You Y. 


LY Fro 
EEDER 


SPRAGUE-DAWLEY, INC. 


Pioneers in development of the 
standard laboratory Albino rat 


Box 2071 + Madison 5, Wisconsin * Phone 35318 


CHEMICAL 
GLASS BEADS 


Made of resistant Bohemian borosilicate glass, especially fire- 
hardened and alkali-free. 


Non-corrosive—non-reactive—can be used in solution with 
safety and assurance. 


Solid—Borosilicate Glass: ¥/, 1, 1%, 2, 2%, 
3, 3%, 4, 5 and 6 mm 


Perforated—Crystal Glass: 4, 5 ail 6 mm. 
Made to + %& mm. tolerance. 


Attractively priced: Send for prices, details and samples. 


PROPPER MANUFACTURING CO., INC. 
10-34 44th Drive, Long Island City 1, New York 


February 6, 1953 
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BOOKS + SERVICES + SUPPLIES + EQUIPMENT 


—The MARKET PLAGE 


SUPPLIES AND EQUIPMENT 


TRANSPARENT BOXES 


For smali OBJECTS G SPECIMENS 
Useful in ALL LABORATORIES 
Fine for Home Workshops, etc. 
3 for New Literature S-TPB 20 for $1.00 


P. LABORATORIES, Inc. 
417 New York 6, N. Y. 


CATS PIGEONS HAMSTERS 
es Clean healthy well-fed animals MICE POULTRY GUINEA PIGS 


Guaranteed suitable for your needs. 
Reasonably priced—Dependable service LANDIS + Hagerstown, Md. 


PARASITOLOGICAL 
PREPARATIONS 
e high quality—low priced. Write for catalog 
TROPICAL BIOLOGICALS @ P.O. Box 2227, 


San Juan, Puerto Rico. 


C. P. AMINO ACIDS 
and Peptides 
for immediate delivery 
H. M. CHEMICAL CO., LTD. 
1651 - 18th St. Santa Monica, Calif. 


(THIS ie the EXACT SIZE RECTANGLE “YIN Srrauments 
on the Field Finder containing 
over 50000 lines and indicia, No. 201-050-150 
They form a simple, non-marking Micro-Slide 
device for the microscopist to re- 


locate fields of interest ina FIELD FINDER 


slide-mounted specimen, Other 


advantages: Suverb precision- 
with interchangeability; non-des- LOVINS ENGINEERING 


tructive; used by substitution.) COMPANY 
SILVER SPRING. MD. 
@ RARE 
STAIN COMMON 
Price list on Request 


STARKMAN Biological Laboratory © #61, Bloor St.. W. 


For CONSISTENT Rats .. . 


@ BUDD MT. RODENT FARM 
@ CHESTER, N. J. 


Breeders of a recognized strain of Wistar. 


LOOK AROUND... increasing 


number of satisfied advertisers using -space aS” in 
every issue of SCIENCE proof that these ods get 
Seoulte! ou have a product or service of interest to scientists, 


y not ad ¢ advantage of this low-cost means of increasing your 


profits! See page 22 for rates & information. 


Special 
Offer... 


Good until May 1, 1953 


We are clearing our shelves of 
surplus stock of back issues and 
make the following offer at these 
special prices— 


Back issues of Science, shipments of: 
1 to 20 copies .... $.25 each 
21 to SO copies .... $.20 each 
51 to 100 copies .... $.15 each 
101 to 500 copies .... $.12 each 
Over 500 copies .... $.10 each 
including such special issues as: 
Quantum Tueory Issue, Jan. 26 
ANNUAL EgutpMENT Issue, Oct. 3 °52 
CENTENNIAL Issue, Sept. 3 °48 


Reprints from Sctence may be obtained 
in the form of complete copies through this 
Special Offer 


Back issues of The Scientific Monthly, 
shipments of : 

l to 6copies .... $.75 each 

7 to 20 copies .... $.60 each 

21 to 50 copies .... $.50 each 

51 to 100 copies .... $.40 each 

Over 100 copies .... $.35 each 


including such special issues as: 
CENTENNIAL Issue, Sept. 


Orders at the above prices will be 
honored until May 1, 1953, for all 
available issues of our journals through 
December 1952, by— 


Stechert-Hafner, Inc. 


31 East 10th Street, 
New York 3, N. Y. 


and by the 


American Association for the 
Advancement of Science 
1515 Ave., N.W., 
Washington 5, D. C. 
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In this room at the Donner Laboratory of the Uni- 


3 Model E analytical units and 5 Model L prepara- 
versity of California can be seen perhaps the world’s 


tive units routinely subject research samples of 
greatest concentration of usable, controllable cen- blood protein materials to 260,000 and 144,000 
trifugal force. Eight Spinco Uttracentrifuges: times gravity. 


Ultracentrifugation is one of the newer and more rapidly expanding techniques 
for exploration into the characteristics of matter. Throughout the world, hundreds 
of Spinco Ultracentrifuges are being used in laboratories for the isolation, purifi- 


cation, and characterization of proteins, viruses, enzymes, hormones, and other 
particulate materials. 


Besides biological applications, these procedures serve the pharmaceutical, 


chemical, petroleum, food, plastic, agricultural, atomic energy, metallurgical, 
and materials testing fields. 


Applications of ultracentrifugal forces may hold the answer to some of 
your unsolved problems, too. The utility of ultracentrifugal investigations 
has recently been extended by newly-developed analytical methods to 
obtain measurements on materials from molecular weights in the millions 
to those of a few hundred. You are cordially invited to submit your 
problems to our research department for study and recommendations. 


SPECIALIZED INSTRUMENTS CORPORATION 
605 O'NEILL AVE + BELMONT, CALIFORNIA 


(? 
Li 
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N microscopy four adjustments receive constant use—fine 
adjustment, revolving nosepiece, and two mechanical stage 
movements. For comfort and convenience, all four should be close 
to one another and to the specimen. No matter at what angle 
you tilt an AO Spencer Laboratory Microscope, these adjustments 
are adjacent, visible, and so scientifically spaced that fingers 
glide automatically from one to the other. Even the coarse 
adjustment is always right at hand. 
You'll notice this typical AO Design Perfection also in the 
renowned Spencer Optics, dust-proof, dual-cone nosepiece, 
“pinch grip” mechanical stage, “autofocus”, custom tension adjust- 


ment, built-in “full-field” illumination and many other 


features. But test the many AO Spencer advantages yourself. 


Ask your AO distributor for a demonstration or write Dept. P1. 


> 
4 
ON 
American @ Optical 
INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 


